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Fore^vo^d 



THE rapid advances made in recent years in all lines of 
engineering, as seen in the evolution of improved types 
of machinery, new mechanical processes and methods, 
and even new materials of workmanship, have created a dis- 
tinct necessity for an authoritative work of general reference 
embodying the accumulated results of modem experience and 
the latest approved practice. The Cyclopedia of Engineering 
is designed to fill this acknowledged need. 

C. The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who may have been denied the advantages of training at a resi- 
dent technical school. The Cyclopedia not only covers the 
fundamentals that underlie all engineering, but places the 
reader in direct contact with the experience of teachers fresh 
from practical work, thus putting him abreast of the latest 
progress and furnishing him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 

C The Cyclopedia of Engineering is based upon the method 
which the American School of Correspondence has developed 
and successfully used for many years in teaching the principles 
and practice of Engineering in its different branches. 

4L The success which the American School of Correspondence 
has attained as a factor in the machinery of modem technical 
and scientific education is in itself the best possible guarantee 



for the present work. Therefore, while these volumes are a 
marked innovation in technical literature — representing, as they 
do, the best ideas and methods of a large number of different 
authors, each an acknowledged authority in his work — they are 
by no means an experiment, but are, in fact, based on what has 
proved itself to be the most successful method yet devised for 
the education of the busy man. The formula of the higher 
mathematics have been avoided as far as possible, and every 
care exercised to elucidate the text by abundant and appropri- 
ate illustrations. 

C Numerous examples for practice are inserted at intervals; 
these, with the text questions, help the reader to fix in mind 
the essential points, thus combining the advantages of a text- 
book with those of a reference work. 

^ The Cyclopedia has been compiled with the idea of making 
it a work thoroughly technical yet easily comprehended by the 
man who haa but little time in which to acquaint himself with 
the fundamental branches of practical engineering. If, there- 
fore, it should benefit any of the large number of workers who 
need, yet lack, technical training, the publishers will feel that 
its mission has been accomplished. 

C Grateful acknowledgment is due the corps of authors and 
collaborators— engineers and designers of wide practical expe- 
rience, and teachers of well-recognized ability— without whose 
co-operation this work would have been impossible. 
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MARINE BOILERS, 



The marine boilers now used may be divided into three dis- 
tinct classes which in tarn may be subdivided. These general 
classes are, 

1. The rectangular or box boiler. 

2. The cylindrical, or drum boiler. 

3. The water- tube boiler. 

THE RECTANQULAR BOILER. 

The Bectangular Boiler shown in Fig. 1 is made square or 
box-shaped ; hence the sides are flat. This form was one of the 
earliest used; at present, however, its use is restricted to low 
pressure, that is, under 30 pounds per square inch. The reason 
why this boiler cannot be used for high pressure is that the flat 
plates tend to bulge outward when under high pressure. In order 
to prevent the plates from bulging they must be stayed with 
numerous longitudinal and vertical stay rods. 

Box boilers were generally made with an internal uptake as 
shown in Fig. 1. This construction permits of a larger steam 
space and reduces loss of heat by radiation. It is, however, ex- 
pensive in flrst cost and repairs; also the plates of the uptake 
waste rapidly, especially near the water line, because the heat is 
not transmitted as readily by steam as by water. In case the up- 
take is made separate and does not form a part of the boiler, this 
objection is avoided. 

The tubes of the rectangular boiler are usually horizontal or 
nearly so. When set inclined or with a '^ rake," as it is called, 
there is more room for manholes at the smoke-box end. 

The extremities of the tubes at the combustion chamber end 
are near the furnace but are higher at the smoke-box end. The 
water level is about the same as with the horizontal tubes; the 
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i MARINE BOILEnS, 

endfi nearest the combustion cliainber having the greater depth nt 
water over them. The inclination is about ojie inch to the foot 
llectangiilar boilers were made in two ways, and from the 
form of construction were known as wet bottom and dry bottom. 
The wet bottom boilers were made with the furnace wholly inside 
and independent of tlie shell ; the furnaces being surrounded by 
water on all sides. In the dry bottom boiler, the furnaces termi- 
nated in the lx>iler shell at the bottom, having a water space called 



fig. 1. 

the water leg between them. This water leg causes trouble by 
getting filled up with sediment. A furnace ha*l water around the 
sides but like the locomotive and mo^t vertical boilers, there was 
no water underneath. 

The dry bottom boiler is lighter, (as the bottom plates are 
omitted), cheaper, has greater durability and is easier to examine. 
On the other hand it is more dangerous to the ship, as the heat is 
likely to cause corrosion of the frames if of iran, or burn the 
fi-umes if of wood. The wet bottom boiler is veiy difficult to in- 
spect and repair. 



MARINE BOILERS. 



In order to avoid the large number of stays in the steam 
space, for pressures over 30 pounds per square inch, the oval 
boiler wtvs introduced. It has semi-cylindrical top and bottom 
and flat sides. This form was soon abandoned because it would 
stand only about 45 pounds pressure. 

THE CYLINDRICAL BOILER. 

Next after the oval. boiler came the cylindrical. This boiler 
is made witli the shell a complete cylinder. It is lighter, clieaper 
and more easily made than the rectangular. It occupies more 
space and for a given heating and grate surface has a smaller 
steam hjpace. Cylindrical or Scotch boilera may be divided into 
three classes as follows : 

1. Single ended boilers. 

2. Double ended boilers. 

3. Gunboat or through tube lx)ilers. 

THE SINGLE ENDED BOILER. 

The single ended, return tui)e boiler, has furnaces and tubes 
only at one end. The arrangement of furnaces and flues is sim- 
ilar to that of the Lancashire boiler. The single ended marine 
boiler, shown in section in Figs. 2 and 3, is often made very large ; 
sometimes 17 feet in diameter and 12 feet long. 

The shell is made up of belts of wrought iron or mild steel. 
They are fastened together by being riveted where the edges 
overlap. 

The front and back are made up of flat circular plates. The 
edges are flanged and riveted to the shell plates. 

The furnaces are cylindrical, 3 feet to 4 feet in diameter and 
Jibout 7 feet long. The front ends of the furnace flues are riveted 
to flanged holes in the front plate ; the back ends are riveted to the 
combustion chamber. These flues are not made plain cylinders 
because a plain cylinder, unless small, cannot stand high pressure. 
Furnace flues are usually made with ribs or corrugations. 

The combustion chamber is formed of flat and curved plates 
flanged at the edges and riveted together. The form is shown in 
Fig. 2. The flat sides are fastened to the back and shell plates 
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MARINE BOILERS. 



by short stay bolts. The back tube sheet forjns one side of this 
cimmber. Since the space in the flues is small the combustion 
chamber is made sufficiently large to allow complete combustion 
of the hydro-carbons driven out of the fuel by the heat of the Are. 
Orate Surface. The two lengths of grate bars, which form 
the grate surface, divide the furnace flues into two parts. The 
coal is burned on the bars, the fire occupying the portion above 
them. The space below the grate is called the ash pit. Air 
entera tlie ash pits and then passes up through the spaces of the 
gmte bara to the coal. 




Fig. 2. 



The furnace doors. The furnaces are fitted with doors 
through wliich fuel is supplied to the fire. The doora are usually 
provided with gratings which allow air to pass to the top of the 
fuel. The ash pit also has doora which are called ash pit doors 
or draft plates. These dmft plates serve to regulate the supply 
of air to the ash pit. The furnaces, if corrugated, must be fitted 
with ash pans to enable the ashes to lie drawn out readily. These 
ash pans protect the i^rates from wear caused by the constant use 
of the hoe. 
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MARINE BOILERS. T 

Bridge. The back of the furnace is formed by the bridge, 
which is usually built of fire brick. 

Tubes and Heating Surface. The tubes of the marine boiler 
are similar to those of the horizontal multitubular boiler. They 
are expanded into the front plate and the rear tube plate. The 
tubes form a large heating surface in a small space. The heating 
surface of the boiler is made up of the tubes, tops of furnaces, 
and top and sides of the combustion chamber. The tubes, how- 
ever, furnish the greatest amount. 

The water level is about 6 to 8 inches above the top tow of 
tubes ; the space above the water level is called the steam s^iace 
and the part below, the water space. 



Fig. 8. 

Stays, All the fiat or nearly flat jilatcH of the boiler and 
combustion chamber must l>e stayed to prevent bulging and col- 
lapsing. The flat ends above the wnter lino are stayed liy means 
of long stay rods, simihir to those of a inultitubuliir boiler. The 
ends are provided with large washers t<) distnbutu tho pressure 
over a large area. The combustion cliiimbcr plates are supported 
by short stay bolta secured by nut^. The top plate of the com- 
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bastion chamber is suppoiijed by girders or crown bars; sometimes 
called "dogs." The tubes actas stays for the tube sheets, but it is usual 
to put in a few tubes thicker than the rest, so that they may be screwed 
into the tube sheets and secured by thin nuts on both sides of the 
plate. The stay tubes of Fig. 3 a^e indicated by the heavier 
circles. Sometimes solid bars or blind tubes are used in place of 
stay tubes. 

Manholes. For examining and repairing the interior of a 
boiler, manholes and handholes are provided where necessary. 
These manholes are similar to those of the multitubular boiler. 

The size and number of furnaces depend upon the size and 
heating surface of the boiler. The large boilers usually have 
three or four furnaces and the smaller ones have two. Large fur- 
naces are more efficient than small ones because the grate area 
increases directly as the diameter, while the air spaces above and 
below the grate increase as the square of the diameter. This 
greater space together with the greater inclination oi the grate 
bars aids combustion. The length of the grate bars is nearly con- 
stant for all sizes of flue. It has been found by practice that 
funiace flues should be between 36 and 54 inches in diameter. 
Then boilera of one furnace may be made up to 9 feet in diameter, 
and those over 15 feet diameter should have four furnaces. The 
great difficulty in designing such large boilers is to provide suffi- 
cient grate area for the large heating surface ; hence for large 
diameters four furnaces are used to avoid excessive length of gnite. 

The furnace flue leads to a combustion chamber from which 
tlie products of combustion return to the front of the boiler 
tlu'ough the tubes to the uptake. 

A single furnace boiler has one combustion chamber. A two 
furnace boiler may have a combustion chamber for each furnace or 
a common combustion chamber. In case there is but one boiler in 
the ship it is better to have two combustion chambers, so that in 
case a tube bui-sts the boiler will not be disabled. If, liowever, 
there are several boilers, it is better to have a common combustion 
chamber for the two furnaces, because the alternate stoking keei)S 
up a more steady supply of steam and also consumes the smoke. 
Three furnace l)oilei*s usually have three combustion chaml^ersand 
four furnace boilei-s generally have two. If three combustion 
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chambera are used with four furnaces, the two more central fur- 
naces lead to one only, while each of the outside furnaces has one. 
In designing a marine boiler the number and size of the flues is 
important. Large flues are likely to collapse under external pres- 
sure, but they allow a large grate. In using a greater number of 
smaller furnace flues instead of larger ones, the necessary grate 
area can be obtained. 

THE DOUBLE ENDED BOILER. 

This type of boiler has furnaces in both ends with return 
tubes over them similar to the single ended boiler. It is practi- 
cally equal to two single ended boilers placed back to back but 
haying the rear plates removed. By thus saving the extra weight of 




Fig. 4. 

the ^ack plates and reducing the radiating surface a double ended 
boiler is lighter and cheaper in proportion to the total heating sur- 
face than a single ended boiler. The double ended boiler is often 
made 18 feet in diameter and about 16 feet long. There are two 
distinct classes of double ended marine boilere; those having all 
the furnaces open into one combustion chamber and those having 
several combustion chambei*s. 

The boiler with one common combustion chamber is not very 
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oommon at present. If one furnace is being cleaned the whole 
boiler is cooled by the rush of cold air. This is the chief objec- 
tion to its more general use. 

A better form is that shown in Figs. 4 and 5. The opposite 
furnaces have a combustion chamber in common ; that is, the com- 
bustion chambers, as in Fig. 6, are separated longitudinally by 
water spaces. Thus the boiler in Fig. 5 has three combustion 
chambers since it has three furnaces. This kind of boiler is con- 
siderably used because it avoids the faults of the single combustion 




Fig. 5. 

chamber but retains the good features of the double ended lx>iler. 
Considerable care is necessary when raising steam Ix'causc the 
tul)es are likely to leak on account of the unequal expansion of 
the tube sheet. A brick bridge wall called the arch or deflector 
built in the middle of the combustion cliaml,er prevents the cold 
air from rushing against the opposite tulxj pltate. 

Another common form of double ended boiler luis two com- 
bustion charabera. The turnaces at either end have a common 
combustion chamber ; these latter being separated by a water 
space. The backs of the combustion chambers thus formed are large 
and flat, and on account of the large number of stiiys are difficult 
\o clean. In vessels of the navy the boilers are generally made 
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with a combustion chamber for each furnace. Tliis form is shown 
in Figs. 6 and 7, which are sections of one of the boilera of the 
U. S. S. " Texaa." This type is the heaviest-and most expensive. 



It is similar t» two single ended boilers, as it has Beparate combus- 
tion chambere for ach furnace. 

QUNBOAT BOILERS. 

In guiilwats and otlier vessels of sliglit draft there is not 
^uf^cient room for a I'eturn tube boiler. 'I'he boilent used In these 
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TCssels are of a particular type and ijulted to tlie requirements. 
The boiler shown in Fig, 8 resembles both tlie cylindrical boiler 
and tlie locomotive boiler. It is cylindrical and in external 
appearance like the return tube boiler, except that it is longer 



Pig. 7. 

and of less diameter. The fire is in a flue which leadu to a com- 
bustion chamber. The hot gases pass from the combustion 
chamber through a nest of small tubes to the uptake at the front. 
Sometimes a hanging bridge in the combustion chamber tluflects 
and retards the hot gases. This boiler bums coal freely and 
evajiomtes water quickly and efficiently. The chief objections ai-e 
(lie small heating surface for the K|jace occupied and the great 
ler.gth. 

Locomotive Boilers. This boiler was used for launches and 
torpedo Iwats. It was a convenient form and a very light Ixtiler 
for the he;iting surface. With it forced draft was almost invariidily 
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iiscJ on nccoiiiit of tlie small grate areu. The fitniiiuc crown, 
iMiiiig Hat, requires e;ireful staying. 

Let U8 leave llie consideration of the water-tube boilers until 
we have finislied the cylindrical. 



Fig. 8. 
MATERIALS. 

In marine work, the weight of boilers and engines is import- 
ant. In the navy espe<:ially, the machinery ninst lie as light as is 
consistent with strength. By using mati^rial that is very stmng 
and durable the marine engineer is able to reduce the weight of 
th«i maehinery. The great advance made within the last few years 
is largely due to the use of superior materials. Steel, which was 
foiTrterly very scarce and expensive, is now made at such a slight 
cost that it is i-apidly taking the place of iron for most engineering 
purposes. 

The materials used for boilers are briefly described in " Con- 
struction of Boilers." The method of converting cast iron into 
wrought iron and steel and the various properties of these metals 
are discussed in " Metallurgy." 

The iteel used for boiler construction is made by the Bessemer 
and Siemeii's processes. Ex[>erinient shows that the higher the 
tensile strength, the lower the elasticity. Steel for boiler shells 
usually has an elongation of about 15 to 25 per cent, and a tensile 
Ejtrength of 45,000 to 00,000 pounds per square inch. For the 
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internal portions of the boiler, the material sliuultl be snitiewliut 
softer ill order that it may be flanged and stand the wear and tear 
of manufacture. 

In order to know that the materials have the proper qualities. 



Pig. B. 

specimens me tosfed. Tlio results of these tests show the ultimate 
tensile strength, clastic limit, contraction of area and elongation. 
The simplest way to test a piece of iron har or plate would 
be to fix it firmly at the upper end and hang weights on the other 
end, adding other weights until the bar is broken. This is but a 
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crude metlioil, and in order that the elastic limit and elongation 
may be determined with the tensile strength, testing machines are 
used. There are a large number of testing machines in use but the 
geneiHl principles are the same. 

Testing: Machines. The frame of a testing machine has two 
heads, to which the ends of the test piece are fastened by wedges 
or other devices. One head is drawn away from the other for 
tensile tests. The pull is transmitted to some weighing device, 
usually levers and knife edges like the beam of ordinary platform 
scales. The power causing the pull may be applied by a lever, by 
hydraulic power, or by steam. 

Testing machines are made for all varieties of testing • tensile, 
compressive and shearing stresses. Also for deflection of beams 
and for strength of wood, cement, brick and stone. Fig. 9 shows 
an Olsen testing machine designed for tensile and conipr(»ssive 
tests of iron and steel. 

In order to test materials test pieces or specimens are made. 
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Fig. 10. 

For testing iron plate the test piece should be at least one inch 
wide, about two feet long and planed on both edges. Many 
engineers recommend these dimensions ; but, according to tVie 
Board of Supervising Inspectors of Steam Vessels, the test piece 
should be 10 inches long, 2 inches wide and cut out at the center, 
as shown in Fig. lO. According to their rules, the width of plate 
at this reduced section shall be 1 inch if the plate is ^^ inch or under ; 
it any other thickness, the area of cross-section shall approximate 
A of one square inch. It shall not exceed .45 square inch nor be 
less than .85 square inch. The force necessary to break the piece 
is taken as the proportionate part of the tensile strength per square 
inch. Thua if the test piece having a reduced section of A square 
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incli IS broken tit 19,200 pounds, tlie tensile strength of the plate is 

19 200' 
— ' ''^— = 48,000. If the tensile strength so determined equals 

.4 
the tensile strength as sUimped on the plate, the plate can l)e used 
in tlie construction of marine boilers. 

To ascertain the tensile strength and other qualities of steel • 
a test piece should be taken from each plate. These test pieces 
are made in the form as shown in Fig. 11. The straight pait in 
the center is 9 inches long and 1 inch wide ; and, to determine 
elongation it is marked with light prick punch marks at distances 
1 inch apart; the marked space being 8 inches in length. The 
ends are from 1 ^ to 2 inches broad and 3 inches to 6 inches long. 

HE il lil l l 
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Fig. 11. 



According to the Rules of the Board of Inspectors, the sample 
must show, when tested, an elongation of at least 25 per cent, in a 
length, of two inched for a thickness up to and including ^ inch. 
It must have the same per cent, of elongation in 4 inches if the 
plate is over \ inch to -^^ inch thick inclusive. For all plates over 
■^^ inch up to 1| inches thick the sample must show an elongation 
of 25 per cent, in 6 inches. 

No iron or steel plate having a tensile strength of less than 
45,000 pounds is allowed in the construction of any part of a 
marine boiler. Among other rules of the same Board are found 
the following : 

" Iron of 45,000 pounds tensile strength shall show a con- 
traction of area of 15 per cent, and each additional 1,000 pounds 
tensile strength shall show 1 percent, additional contraction of area 
up to and including 55,000 pounds. Iron of 65,000 T. S. and 
upwards showing 25 per cent, reduction of area shall be deemed to 
have the lawful ductility. All steel plate of \ inch thickness and 
under shall show a contraction of area of not less than 50 per cent. 
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Steel plate over J inch in thickness, up to | iilcli in thickness 
shall show a reduction of not less than 45 per cent. All steel 
plate over | inch thickness and less than 1| inches in thickness 
shall show a reduction of not less than 32.5 per cent." 

'^ No plate shall contain more than .06 per cent, of phosphor- 
ous and .04 per cent, of sulphur, to be determined by analysis 
by the manufacturer." 

" The samples shall also be capable of being bent to a curve 
of which the inner radius is not greater than Ij times the thick- 
ness of the plates after having been heated uniformly to a low 
cherry red and quenched in water of 82° F." 

In testing material of other forms than plate, a stay rod for 
instance, it is better to test a sample of the whole forging if the 
testing machine is of sufficient capacity. If, however, the machine 
is too small the test specimen may be made in the form of a bar 
about 1 inch in diameter and 18 inches long having the centi-al 
poi*tion turned down to a diameter of about | to | of an inch. 
The turned portion should be about 9 inches long in order that 
the prick punch marks for determining elongation may be made 
as described with Fig. 11. 

For testing the compressive strength of iron and steel it is 
usual to take a short cylinder of the material usually about an 
inch in diameter and a length equal to three diameters or less. 
If the specimens are long they will give way by bending rather 
than by crushing. In most commercial tests the elongation is 
taken as the indication of ductility, as the reduction of area can 
not be found as accurately without considerable difficulty. 

In testing for tensile strength, the results calculated from the 
data are, 

1. Termle strength in pounds per square inch of original 
area. 

2. Elongation^ per cent, of a stated length (usually 8 inches), 
between gage marks. 

8. Elastic limit in pounds per square inch of original area. 

Stress. The number of pounds of force applied per square 
inch is called the stress. If the piece is under direct tension or 
compression the stress is considered uniform and is equal to the 
load divided by the area of the transverae section. Thus, if the 
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section of the plate isl" hj ^^^ and the aotiiial stress is 17J60 
pounds the stress per square inch is - = 40,570 (about) 

pounds. 

Ultimate Strength. The maximum stress that a test piece 
will stand is called the ultimate strength. For ductile materials 
the breaking stress is considerably less than the ultimate stress. 
That is, when the loads are gradually applied the total load will 
reach a maximum and then the metal stretches so that at the 
moment of rupture the load is much less than the maximum. The 
strength of iron and steel depends -somewhat upon the rate of 
testing ; the more rapid the applicaiion the higher the stress as 
recorded by the scale beam. 

5train is the stretch per unit of length of the test piece 
when in tension. If the original length is L, and the stretch or 

elongation is B, tlie stmin becomes = b. 

\j 

Elastic Limit. When testing a piece, at fiiBt the stress and 
strain are proportional. Tlie point at which the strain or stretch 
begins to increase more rapidly -than the stress is called the 
elastic limit. This limit is not definite ; it can be deteimined 
approximately only. A load greater than the elastic limit will 
produce a permanent elongation. 

5tretch Limit is the stress at which the scale beam of the 
testing machine will fall while the straining head is at rest. 

Reduction of Area, When a test piece ruptures the area at 
that point is much less than the plate or bar before testing. This 
reduction shows the ductility of the material ; it also shows the 
property of changing shape without actual rupture. This is 
important in boiler construction. . 

Elongation. Ductile materials stretch before breaking. 
To measure the ultimate elongation the two broken pieces are 
placed in a straight line with the broken ends in confcict. The 
length between points can be measured. It is usual to use 8 
inches as this distance. As the prick punch marks are made 
l)efore testing, tlie elongation is easily determined. The ratio of 
the elongation to the original length is called the ultimate elonga- 
tion. Suppose the distance between the extreme prick punch 
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marks is 8 inches before testing mul d} inches after. Then the 
bar or plate has stretched 1 j inches. Tlie ultiniati.! elongation is 
\} ^8 = .234 or 23.4 per cent. 

These varions properties of materials may be sliowii by 
diagrams. Fig. 12 shdws the diagram for wi'onght iron and steel 
when under tension. The unit stresses are taken as ordinatesand 
the unit elongations as abscis.sas. For ench stress the correspond- 
Big elongation, as found by the testing machine, is laid off. "The 
curve is drawn through tlieae points. Each specimen lias its own 
cnrve, those shown in Fij^, 12 being phrtted from avenge values. 
Since stress and elongation are proportional up to the elastic limit, 
the cnr\'o from the origin to the elastic limit is a straight line.' 



Fig. 13. 

At the clastic limit the curve changes Rnddciily and the elongation 
iiiereiiscs nijiidly. From the elastic limit to the [loiiit at wliicli 
the |iiece hivaks the stress is not jmipoi'tional to elongation. The 
end of the curve indicates the |natit of niptnre. Curves show the 
properties of various materials. It is seen that the elastic limit i.i 
not well defined but can he estimated very nearly. Tlieso curves 
may be plotted from rejjults of testa or they iniiy bo drawn aut» 
matically by the testing machine. 
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Steel for boiler construction should have the following 
properties. 



Tensile strength 
Elastic limit 
Reduction of area 
Elongation in 8 inclies 



r>0,000 to G0,000 lbs. 
30,000 to 35,000 lbs. 
50 per cent, or more. 
25 per cent, or more. 



The mechanical tests are given in " Construction of Boilers." 

BOILER CONSTRUCTION. 

5helL As the cylindrical boiler is the strongest form to 
resist internal pressure, it is most extensively used. For this 
reason we will consider the construction of the cylindrical Scotch 
(boilei. 

Boiler shells are composed of plates with riveted seams. If 
steel is used the plates may be placed either lengthwise or cross- 
wise with the circumference ; if of iron, tlie plates should be 
arranged so that the fibre will extend around the circumference as 
iron is stronger in the direction in which it is rolled. 

RIVETING. 

Rivets are made from bars of tough ductile iron or mild steel. 
These bars are cut to the proper length and Ciach piece is placed 
in dies which form the tail. The tails of rivets are of various 
shapes depending upon the kind of riveting, the pan-shaped shown 




Fig. 13. rig. U. Fig. 16. Fig. 16. Fig. 17. 

in Fig. 13, an& the cup-shaped shown in Fig. 14 being the most 
common. The cylindrical portion called the shank is tapered for 
about one-half the length in order to enter the holes easily. The 
proportions of rivets vary and there are no standard sizes. 

The heads of rivets are formed by knocking down the point 
of the shank with a hammer or by means of a riveting maclnne. 
Heads made by hand are usually, conical or cup shaped, as shown in 
Figs. 13 and 15. Fig. 14 shows a conoidal headed rivet. Coun- 
tei-sunk rivets are shown in Figs. 16 and 17. Rivets are tested 
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mechanically ' as briefly described in "Construction of Boilers^,** 
Circumferential or ring seams are usually lap joints since the 

tendency to rupture at tliese seams is only one-lialf as great as at 

the longitudinal seams. 

These latter are usually double riveted anc. for high pressures 

treble riveted. Lap joints are constructed by making one plate 

overlap the other arid rivet- 
ing them together. Fig. 18 

shows the most simple form 

of this joint and is called a 

single riveted lap joint. 

Double riveted lap joiuts may 

have the rivets arranged as 

shown in Figs. 19 and 20. 

The former joint is called a 

double riveted lap joint with 

chain riveting, and the latter 

a double riveted lap joint ^te- 18« 

with zigzag riveting. The zigzag riveting is a little weaker than 

the chain, but the joint is usually tighter and less lap is required. 
The efficiency of lap joints depends upon the pitch of the rivets, 

the diameter of the rivets, the thickness of plates and the number 







Fig. 19. 



Fig. 20. 



'of rows. The efficiency is also somewhat altered if the plates are 
drilled instead of punched. As there are so many conditions we 
can give only rough average efficiencies. 

Lap joint, single riveted, efficiency about 56 % . 

Lap joint, double riveted, efficiency about 70 % . 

Lap joint, ti'eble riveted, efficiency about 72%. 
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The probable efficiency of joints may be calculated by mathe- 
matics, but tlie actual efficiency can be obtained only by means of 
the testing machine. In testing, a piece of uncut plate (the size 
of which depends upci: the capacity of the machine) is fii«t tested. 
Tlien a portion of the joint of tipproxiniately the same size is then 
tc^sted. The ratio of the breaking strength of the joint to that of 
the uncut plate is the efficiencj'. 

Longitudinal seams are almost always made with the 
butt Joint. These joints are seldom single riveted because they 
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are no stronger than a double riveted lap joint and are more 
expensive. If, however, they are made witli double butt straps 
and double or treble riveted, the joint shows a high efficiency. Tlie 
two butt straps may be of the same width or the inner mtiy be 
\v'n\i*v than the outer. Fig. 21 sliows a double riveted butt joint 
with two butt straps. A treble riveted butt joint is shown in Fig. 
22. The following are approximate oflicionces : 

Butt joints, single rivete<l, efficiency al)Out Go % . 

Hutt joints, double riveted, efficieiicv about 75%. 

Butt joints, treble riveted, efficiency al)out 8/5%. 
Butt stiaps are usually about the tliickness of the shell plates. 

FLANGING, 

End plates and nearly all the internal jilates of a marine 
boiler are flanged. This opemtion is likely to weaken the plates, 



SO 



MARINE BQILERS. 



28 



If not crack them. Ductile iron and steel can, with proper care 
and good machinery, be flanged with Httle danger of spoiling the 
plates, in flanging, the plates are heated locally which causes 
internal stresses to be set up; these stresses can be almost entirely 
removed by annealing. When flanging the holes for the furnaces in 
the end plate, care must be taken to prevent distortion of those 
flanged while the others are being operated upon. The danger 
is prevented if all the holes are ' flanged at once but this 




Fig. 22. 

process requires heavy macliinory. When flanging end plates the 
material is likely to become thin at the curved portions ; to prevent 
this suitable moulds should be used and the heat regulated care- 

fuUy. 

STRENQTH OF SHELL, 

The rules for the construction of the various pai-ts of the 
marine boiler as given by engineers, writers and legislation do not 
agree. If a boiler is made in England it must conform to the 
rules of the Board of Trade or Lloyd's Registry. For boilej-s built 
in the United States the rules given by the Board of Supervising 
Inspectore of Steam Vessels must be followed. In the Navy, lx)ilers 
are constructed from rules by the Naval Depaitment or from a 
special act of Congreas. The above rules differ somewhat, but all 
boilers must have parts which do not vary much from the requisite 
sise. 
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As stated in " Construction of Boilers," the shell tends to 
rupture longitudinally ; the resistiince being the two sections of 
metal at the sides. 

In *^ Construction of Boilers " we stated the following formulas 
for the strength of shell, 

2tSE 

2 S E' 

p = working pi-essure in pounds per square inch. 
t = thickness of shell in fnictions of an inch. 
S = tensile strength of material. 
/ := factor of safety. 
D =: diameter of boiler in inches. 

This formula is the same as that given by the English Board 
of Trade. 

Suppose a single ended Scotch marine ]K)iler is 13 feet 6 
inches in diameter. The shell plates are 1^^ inches thick and the 
joints have an efficiency of .81. If the tensile strength is 60,000 
pounds and a factor of 4.5 is used what is the working pressure ? 

^ /D 

_ 2 X f I X 60,000 X .81 

4.5 X 162 
= 137.5 pounds. 

The formula given by the Board of Supervising Inspectors of 
Steam Vessels is, using the notation above, 

_ ^ X 2 X S 
^ 6 X D • 

Add 20 per cent, if the longitudinal seams are double riveted. 

Then for the boiler whose dimensions are given above, the 
working pressure is, 

^ _ f o^ X 2 X 60,000 
^ 6 X 162 

-= 127.3 and 20 per cent, additional gives 
p = 152.76. 
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This formula does not allow for the kind of joint, the only 
distinction being single and double riveting. 

Factor of Safety. A steam boiler should be very strong in 
order to provide for defects in material and workmanship, wear 
and tear of manufacture, and when under steam, wasting by corro- 
sion. For these reasons there should be considerable difference 
between the working pressure and the bursting pressure. Tliis 
difference, or the ratio in which the bursting pressure exceeds the 
working pressure is called the factor of safety. When the material 
and workmanship is modei*ately good the f Victor may be about 6. 
In case the material is good, the boilers well made and cared for 
but not often inspected the factor should be about 5. If material 
and workmanship is high class, the boilers well made and regularly 
inspected the factor may be about 4^. The factor should never 
be less than 4. 

End Plates. There are several methods of connecting the 
end plates to the shell. Those methods which use a flanged end 
plate are^by far the best. The flange is usually placed inward as 








Fig. 23. Fig. 24. 

shown in Fig. 23 ; but for small boilers It is sometimes placed out- 
side, shown in Fig. 24, to facilitate riveting. In some cases the 
shell plates are flanged. This has some bad features among which 
may be mentioned ; the difficulty of flanging the thick plate, the 
tendency of the pressure to straighten out the flange and the low 
strength necessary for the desired ductility. 

The quality of iron or steel for end plates depends upon the 
amount of flanging to be done. If the circular edges and the 
holes for the furnaces are to be flanged the material sliould be very 
ductile to prevent injury. The thickness of the end plates is less 
than that of the shell plates. It is dependent upon the pitch of the 
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stays ; ihe end is usually made up of two or three plates. As the 
pitch of the stays in the steam space is greater than that of the 
tubes the end plate of the steam space should be thicker tlian the 
tube sheet. However, they are often made the same thick- 
ness and the top phites stiffened by large washers. End plates 
are from ^^ to | uich thick. Sometimes they are made thicker 
in order to avoid fitting nuts and washers to screw stay bolts, and 
the heavy reinforcing about manholes. 

FURNACES. 

In the rectangular boilers the furnaces were made square or 
rectangular having tlie corners rounded. This form is not suitable 

for high pressui-es so the furnaces of Scotch 
boilers are always nnide cylindrical as it is 
the best form to resist uniform external pi-es- 
surc. The furnace flues should be as thin 
as the external pressure will permit. Thick 
plates are more likely to blister and become 
injured by heat than thin ones. A mild quality of steel is per- 
haps the best material to use. It is important that the furnaces 
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should be as nearly a true circle as possible, as any deviation 
causes a great increase of deformity through external pressure. 

In "Construction of Boilers," Fairbain's formula for the 
strength of flues is given. The formula for long furnaces given by 
the Board of Supervising Inspectors of Steam Vessels is, 

p _ 80,600- X t^ 
in which P = working pressure in pounds per square inch, t a^ 
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thickness of flue in inches, L = length in feet and D = outaide 
diameter in inches. In this formula L is not to exceed 8 feet. 

In case the flue is made with rings riveted to the flue, L is 
taken as the distance between rings. 

What is the allowable pressure on a furnace flue 6 feet long, 



42 inches in diameter and ^ inch thick? 
p ^ 8 9,600 t^ _ 89,600 X .26 



LX D 



6 X 42 



sss 88.9 pounds. 



Furnace plates are made from | inch to | inch in thicknesa^ 
A ^ "16 ^^S common. 
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If ^^ inch is not sufliciently thick for the length some means 
of sti-engthening is employed. 

A section of Adatii- 
son's flanged seam is 
shown in Fig. 25. On 
the end of each belt 
external flanges are 
formed which are riveted 
together with a wrought 
iron ring between them. 
The radius of the flanges 
should not be less than 
I inch and a greater 
radius is better. This form of joint makes the flue rigid circum- 
ferentially and elastic longitudinally. Fig. 26 shows tlie section 
of a ring made of angle iron. This ring is about S" X ^^ X ^"^ 
The ring is riveted to the flue at intervals ; ferrules being placed 
between so that the water space is about I inch. Sometimes the 
ring is made in two parts and bolted together. Another method is 
to make them in one piece and weld the ends. The section of a 




Fig. 29. 
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welded ring of T iron is siiown in Fig. 27. The ring is riveted to 
the ends of the flue sections which are not flanged. This method 
provides for calking on both inside and outside. Such a form of 
joint does not require flanging; but lus flanging is easily done with 

modern machinery and 
all good lx)iler plate will 
stand it, these forms do 
not offer thatadvantage. 
The best form for lon- 
gitudinal expansion is 
that shown in Fig. 28, 
called the bowling hoop 
ring. 

All tliese forms ex- 
cept the Adamson's ring 
have joints so arranged that the rivet heads are exposed to the 
fire. They have also the disadvantage of the projecting rings 
which prevent the flues from being placed near the shell 
plates. 

To overcome the above disadvantage, the furnace flues are 
forged with corruga- 




Flg. 30. 




\ 




lions or ridges. Perhaps 
the most used form is 
that called the Fox fur- 
nace shown in Fig. 29. 
These corrugations are 
about 6 inches center 
to center and 1 J inches 
deep. Another form of 
furnace is the Purves, 
shown in Fig. 30. The 
The Morison furnace is shown in Fig. 31, and the Holmes in Fig. 
32. These furnace flues are made on the principle of the bowling 
hoop but with the hoop not separate from the plates. The 
Holmes has few corrugations and is rigid longitudinally but is 
not as strong to resist pressure as the Fox ; consequently the 
latter may l)e made thinner than the former. A corrugated fur- 
uace lias'about 25 per cent, more heating suiiace than the plain 



Fig. 31. 
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flue. On aocount of the expansion and contraction, scale ia 
loosened from the corrugations of the Fox furnace ; hence it ia 
called a *' self-cleaner " of scale. 

The formula for the working pressure for these furnaces is, 

P = _^ ^ ^ 



in which P = the working pressure, t = the thickness in inches^ 
D = the outside diameter measured to the bottom of the corruga- 
tions and C = a constant. 

C = 14,000 for Fox corrug'ations. 
C = 14,000 for'Purves corrugations. 
C = 13,500 for Morison. 
C = 8,800 for Adamson's rings. 

C = 5,677 for plain flues three feet in length and between 
16 and 40 inches diameter. 

What is the necessaiy thickness of a Fox furnace 8 feet long, 
40 inches in diameter, with a working pressure of 165 pounds ? 

jy _C X t . PD 

t = i^iX J2 = Al inch. 
14,000 

If the thickness is made ^.inch the allowable pressure is 175 
pounds, because, 

P = ^ X ^ - 14,000 X .5 ^ j^g^ 

According to the Board of Supervising Inspectoi-s this formula 
applies only to those furnaces whose corrugations do not exceed 8 
inches from center to center and the plain parts at ends is not 
more than 9 inches. 

riethods of Connecting Furnaces to End Plates. Three forms 
of furnace connection are shown in Figs. 33 to 35. In Fig. 33 the 
furnace is flanged to meet the front. This is better than any form 
of angle iron but it has the defect that the pressure tends to o\m\ 
the joint. If this form is used the radius of flange should not be 
less than 1| inches. In Fig. 34 is shown the method of flanging 
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tlie end plate inward to meet the furnace. This method gives a 
good appeamnce to the front of the boiler and allows space for 
manholes. Flanging the plate outward as shown in Fig. 85 is 
used more for small boilers. For this flanging the plates must be 

of good quality. Mild 
steel is the best material, 
as it can be flanged 
readily. 

The longitudinal 
joints of furnaces are 
usually welded. In case 
the joints are riveted, 
the butt joint with 
double straps and single 
riveting should be used. 




Fig. 32. 



Steel furnaces are almost alway^J welded. 

COMBUSTION CHAriBERS. 

The Combustion Chamber is the space into which the hot 
gases from the furnace pass and where the liydrocarbons are 
burned. Its volume depends upon the size of the furnace flues. 



■I 

I 
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Fig. 33. 



Fig. 34. 



Fig. 85. 



The capacity of this chamber above the gmte l)ars is usually 
made about ec^ual to the capacity of tlie furnace for a single ended 
boiler. For a double endc^d l)oiIcr having a combustion chamber 
common to opposite furnaces, the volume of the combustion 
chamber should equal three-fourths of the combined volumes 
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of tlie two fnrnaeea. In the single ended Ixiiler the length of the 
conibustioit clijiniber is made al)out two-thiitls of tlie furnace 
diameter. 

The top plates of combustion chambers are generally flat in 
double ended boilers and either flat or curved in single ende<l. The 
flat topa require Jiiore staying than the cui-ved, but they increase 
the volume slightly. 

The side plates curve with the boiler shell as shown in Fig. 
7. The front plate of the combustion chiunber is the rear tube 
sheet ; the back plate is flat 
and is nearly parallel to the 
back platci (if single ended) 
or arniiiged as shown in 
FiB. C. 

The plates of combus- 
tion cliamijci-s ai-e from J inch 
to I inch thick. Thf t^)pand 
bottom plates are often made 
a little thicker to reduce the 
staying and to allow for 
All joints of combustion 
chambers are made by rivet- 
ing the flanged edges. The 
joints should be so arranged that no i 
exposed to tiie direct action of flame, 
not be a ledge formed upon whicli sedi: 



oooooooo 
ooooooo 



ooooo 




Fig. 8C. 



■ivets or edges of plates are 
and also, so that there will 
ment may collect and cause 



TUBES. 

The tuivs for marine Imilei-s are made of wrought iron or 
ste<'l and are from 2] to 4 inches in external diameter. The 
length varies from 25 diameters for natural draft to about 40 
diameters for forced <lraft. In boilers of the U. S. Navy the tultes 
are alxnit 21 inches in diameter and G^ to 7 feet long. The thick 
ness of the tnljes depends upon tlie matei-ial and the diameter. 
The table on page 32 gives the priiicii)al dimensions of lap-welded 
wrought iron boiler tubes. Steel tubes can be olttained " solid 
irawn," that is, without any joint. The tubes are often made 



32 



MARINE J$OILERS. 



LAP WELDED BOILER TUBES, 



External , 
Diameter. 
Inches. 


Internal 

Diameter. 

Inches. 


Thickness. 
Inches. 


Internal 

Circumference. 

Inches. 


External 

Circumference. 

Inches. 


Internal Area. 
Square 
Inches. 


External Area. 
Square 
Inches. 


Length of tube 

per sq. f t. inside. 

Feet. 


Length of tube 

per sq. ft. outside. 

Feet. 


Weight 

per foot. 

Lbs. 


1 


.866 


.072 


2.689 


3.142 


.576 


.785 


4.460 


3.819 


.708 


IH 


1.106 


.072 


3.474 


3.927 


.960 


1.227 


3.465 


3.056 


.900 


1>^ 


1.334 


.083 


4.191 


4.712 


1.396 


1.767 


2!863 


2.547 


1.26 


IX 


1.660 


.096 


4.901 


6.498 


1.911 


2.405 


2.448 


2.183 


1.665 


2 


1.804 


.098 


6.667 


6.283 


2.556 


3.142 


2.118 


1.909 


1.981 


2X 


2.054 


.098 


6.484 


7.069 


8.314 


3.976 


1.850 


1.698 


2.238 


2^ 


2.283 


.109 


7.172 


7.854 


4.094 


4.909 


1.673 


1.528 


2.766 


2X 


2.533 


.109 


7.957 


8.639 


5.039 


6.940 


1.608 


1.390 


3.045 


8 


2.783 


.109 


8.743 


9.425 


6.083 


7.069 


1.373 


1.273 


3.333 


8X 


3.012 


.119 


9.462 


10.210 


7.125 


8.296 


1.268 


1.175 


3.958 


3>^ 


3.262 


.119 


10.248 


10.995 


8.367 


9.621 


1.171 


1.091 


4.272 


8^ 


3.512 


.119 


11.033 


11.781 


9.687 


11.045 


1.088 


1.018 


4.690 


4 


3.741 


.130 


11.763 


12.566 


10.992 


12.666 


1.023 


.966 


6.32 


4K 


4.241 


.130 


13.323 


14.137 


14.120 


15.904 


.901 


.849 


6.01 


5 


4.720 


.140 


14.818 


15.708 


17.497 


19.636 


.809 


.764 


7.226 


6 


6.699 


.151 


17.904 


18.849 


25.509 


28.274 


.670 


.637 


9.346 


8 


7.636 


.182 


23.989 


25.132 


45.795 


50.265 


.600 


.478 


16.109 


10 


9.573 


.214 


30.074 


31.416 


71.975 


78.540 


.399 


.382 


22.190 


12 


11.642 


.229 


36.260 


37.699 


103.749 


113.097 


.330 


.318 


28.616 


16 


15.458 


.271 


48.562 


50.265 


187.667 


201.062 


.247 


.238 


45.200 


20 


19.360 


.320 


60.821 


62.832 


294.373 


314.169 


.197 


.190 


66.765 
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slightly larger at the front end ii> order that they may be easily 
removed ; about -^^ inch greater diameter is sufficient. 

Tubes are usually expanded in 
the tube sheets as explained m 
*' Construction of Boilei-s," The 
tubes are usually arranged in horizon- 
tal and vei-tical rows and not stfig- 
gered. In the same boiler it is well 
to liave about the same number of 
tubes for each furnace. 

Tlie tube sheets are usually from 
^^ inch to I inch thick. In large Fig. 37. 

boilers with high pressure the tube sheet may be \ inch thick. 

5tay Tubes. In order to 
prevent the tube sheets from 
bulging, thereby causing leaks 
at the tube ends, a few of the 
tubes (Fig. 36), are fitted as 
stay tubes. These tubes are 
made of the same external diam- 
eter as the ordinary tubes but of 
greater thickness. This extra 
thickness allows threads to be 
cut on the ends and rivets 
fitted. There are usually 14 threads per inch. Stay tubes 
are usually about \ inch tiiick ; the threads may be formed on 
the tube as shown in Fig. 37, or the end may be made 
larger as shown in Fig. 38. Frequently the threads are cut at 
both ends ; both tube plates are tiipped and the tubes screwed 
in. When l)6th ends are threaded one end must be smaller than 
the other so that it may be slipped through the hole. The back 
end is l)eaded over or nutted and the front end fastened with 
shallow nuts. Sometimes two nuts are placed on the front end ; 
one inside and one outside of the boiler plate. 

STAYS. 

All plates of a boiler that are not cylindrical or hemisphericjil 
must be stayed. This is done by means of rods called stays. 
There are many methods cf staying; the same flat surfaces of one 
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Fig. 38. 
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boiler even may be stayed in diflfereiit ways. The stays for each 
boiler are designed especially for that boiler according to the 
experience Jind judgment of the engineer. 

Stay bolts. The back and side plates of the combustion 
chamber of the cylindrical return tul>e marine l)oiler are flat or 





Fig. 39. Flp..40. 

nearly so. These plates are stayed to the sides and back of the 
boiler by means of short screw stay lx>ltii whicli are turned down in 
the center. These bolts are screwed in place, calked, and then 
fastened by shallow nuts as shown in Fig. 39. The nuts should be 
of about the same thickness as the plates r also they should be set up 
tight without any washers, lead, or cement. In some ciises, however, 
a beveled wtisher is necessary ; this is shown in Fig. 40. When- 
ever these washei's are used the taper should be slight. 

The numl)er of stays depends upon the working pressure, 
thickness of plate and the i)itch of the stays. They are usually 
armngred in horizon tjil and vertical rows. The short screw stavs 
are from 1\ to 1 J inches in diameter and are supplied with a fine 
thread. The i)itch of the screw threads varies a little ; a fine 
thread gives a large effective diameter but if the plates bulge 
l>etween the stays only a few threads remain in contact with the 
plate. This difficulty is largely overcome by nuts. 

An equation for determining the distance between the stays is, 

9^2 s 



a2 = 



2 V 
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in wjiich a = distance between stays, t = thickness of the plate, 
S = stress in the plate, and jt? = working pressnre. 

Suppose the plates are | inch tliick, the working pressure is 
160 pounds and the stress is 5,500 pounds, then, 

^2 _ 9 X (D^ X 5,500 
• 2 X 1130 
= 60.42 sq. in. 
a = 1.11 inches. 

The Rules of the Board of Supervising Inspectors of Steafn 
Vessels give the following. For plates -^^ inch and under to find 
the working pressure, multiply 112 by tlie square of the thick- 
ness in sixteenths Jind divide the product by square of the pitch 
of the stays. 

Example. Plates -^^ inch thick and the stays G inches apart ; 
what is the working pressure ? 

^^^J^ ^^ = 152.44 pounds. 
36 

For plates over -^^ inch thick the constant is 120 instead of 112. 
Example. Plates | OJ* {§ inch thick and the staj's 8 inches 
apart ; what is the working pressure ? 

= 187.5 pounds. 

64 ^ 

If the stays have nuts on both the inside and outside of the 
plates, the constant is 140. 

Example. Plates ^^^ inch thick and the bolts 10 inches 
apart ; what is the working pressure ? 

= 113.4 pounds. 

100 ^ 

Throus^h Stays. The flat ends of cylindrical l)oilers are 

stayed in many different ways. We have seen how the back plates 

are stayed to the combustion chamber by short screw stays ; also 

that the tube sheets are held together by the tubes, a few of which 

are fastened with nuts. In the steam space are placed through 

stays or diagonal stays. Most marine boilers are short ; therefore, 

the through stays are generally used. These stays ai-e usually 

plain rods 1 J to 2^ inches in diameter. The ends are fastened to 

the plates by nuts and washers as shown in Figs. 41 and 42. The 
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large washers are used to secure a greater bearing surface ; they 
are usually riveted to the end plates. 

These stays being in the steam space should be at least 1 4 
inches apart so that a man can pass between them. The threads 
at the ends may \ye cut on the plain rod or the ends may be forged 
larger and the threads cut on the enlarged pai-t. In order to 
reduce the number of stays the heads of the boiler may be curved 
as shown in Fig. 43. This form reduces the volume of the steam 



B^^^^^^^?^^^^^^^^ 







Fig. 41. 




Fig. 42. 



space but gives a stronger lx)iler. This construction is used in the 
U. S. Navy to some extent. 

The size and number of tlirough stays depends upon the pres- 
sure and the thickness of the plates. The spacing of the stays 
depends upon the size and form of the particular boiler. The 
diameter of the stays should be calculated to give a section suffi- 
cient to bear the load. Stays should not have a load of more than 
6000 pounds per square inch if of wrought iron, and 9000 if of steel. 

For long boilers the flat ends may be stayed to the shell plates 
by means of diagonal or gusset stays as described in " Construction 
of Boilers/' 
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Qirders. The tops of the combustion chaiTil)ei's are genei'ally 
flat. To support this flat surface the girder or crown bar is used. 
The usual forms liave been discussed in " Construction of Boilers/' 

The English Board of Trade give the following formula for 
calculating the working pressure, 

{W — V)D xT~ "" ^^^^^^^ff pressure 

W = width of combustion chamber in inches. 
P = pitch of bolts in girder. 

D = distance between girders from center to center in inches^ 
L = length of girder in feet. 
T z= thickness of girder in inches. 
N =■ number of supporting bolts. 
d =z depth of girder in inches. 

C = _ —^ — , if the number of bolts is odd. 

N 4- 1 

. C = 2: — jT / ^ , if the numl)er of l)olts is even. 

N + 2 

DIHENSIONS OF A BOILER. 

The diameter of a return tube cylindrical boiler is largely 
dependent upon the necessary gi-ate area. The diameter of a fur- 
nace is limited on account of the danger of collapsing ; the length 
of the grate is also limited. Hence to increase the grate area thei e 
must be more furnaces. If another furnace is added the diameter 
of the boiler must be increased. 

In order to fix the area of the grate the amount of steam re- 
quired per hour should be known, at least approximately. One 
pound of good coal will evaporate 10 pounds of water in an 
ordinary marine boiler. If the coal is of ordinary quality only 
about 8 pounds of water can be evaporated per pound per hour. 
The amount of coal burned per square foot of grate (natural draft) 
is about 20 pounds ; with good stoking 25 pounds. 

Hence, for good conditions (natural draft) the amount of 
water evaporated per square foot of grate is 10 X 25 = 250 
pounds. From this the size of the grate can be calculated. Thus, 
if the engine uses 15,000 pounds of steam per hour and the 
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evaporation is 250 pounds per square foot, the total grate area 

must be ' J^ ^ = GO square feet. Then if tlie furnaces ai-e 40 
250 ^ 

inches in diameter and the grate bars are G feet long, the number 

fiO 

of furnaces would l)o, r= 3, 

' G X 31 

If forced draft is used the number of pounds of coal burned 

per square foot j>er hour may be 
greatly increased ; the amount being 
from 25 to 75 j)ounds. This increases 
the evaporation per square foot and 
consequently tlie grate area can be 
reduced. 

Heatins: Surface. All surfaces 
of the boiler, which transmit heat to 
the water, are heating surfaces. In 
calculating the total heating surface 
of a marine boiler, the sum of the 
pj ^3 following parts is taken. 

Furnace, The surface of the 
upper half of the furnace ; or the part above the level of the 
grate bai-s. 

Combustion Chamber, The part above the level of the 
bridges, including the actual area of the back tube plate. 

Tubes, The external surface of the tubes measured between 
the tube sheets. 

The front tube sheet is not considered heating surface. 

The total heating surface of marine l)oilers is from 25 to 38 
times the grate area. For U. S. battleships and cruisers it is from 
30 to 35. 

The area of the tubes is about .85 of the total heating surface. 

Area throusrh Tubes. The combined internal area of the 
tubes, or the area through which the hot gases and smoke pass to 
the uptake, is generally from | to ^ the area of the grate. Too 
small an area checks the draft, especially if the tubes have become 
clioked with soot and ashes. Too large an area permits a.slow 
velocity of the gases, which, although it gives time for heat to pass 



46 



MARINE BOILERS. 89 

to the water, also allows soot and dust to form in the tubes and 
reduce evaporative efficiency. 

5team Space. Tlie distance from the top row of tubes to the 
top of the shell is generally from .25 to *30 of the boiler diam- 
eter. If the tubes are too high the st^am space will be con- 
tracted and the water surface reduced. Priming may be caused 
by too small a water surface as well as by a contracted steam 
space. 

The necessary volume of the steam space depends upon the 
amount of steam used in a given time. If the steam space is 
small the admission of steam to the cylinders is likely to cause a 
drop of pressure in the boiler, which in turn causes a rapid 
evaporation at the time. Excessive ebullition causes priming. A 
slow speed engine, which takes steam at intervals, requires a larger 
steam space in the boiler than does a high speed screw engine 
which uses steam at such frequent intervals that the flow is nearly 
constant. 

The volume of the steam space varies with different condi- 
tions. For ftvst running sci*ew engines there should be about ^ 
cubic foot per I. H. P. of the engine. This space may be made 
much less if forced draft is used. Volume of steam per stroke and 
not weight determines the size of the steam space, hence the 
higher the pressure the less the steam space. 

Water Spaces. The spaces between the various parts of the 
boiler should be sufficiently large to allow good circulation. The 
spaces between nests of tubes should be 10 or 12 inches in order 
that a man may enter and clean the tubes. Between the furnaces 
and between the furnaces and shell the space should not be less 
than 6 inches. The space between the back plates of the com- 
bustion chamber and the shell, or the back plates of the combus- 
tion chambers if double ended, should taper from about 6 inches at 
the bottom to about 9 or 12 inches at the top. The larger space 
at the tqp is for the greater volume of blie heated water and steam. 
If spaces are less than 6 inches they are hard to clean and the 
circulation is likely to be poor. 

Size of Boiler. Now that the area of tubes, size of grate, 
area of heating suiface, voluiue of conibustion chamber and steam 
space are known, the size of the Ixnler can be determined. 
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In general, the boiler should have 1| to 2 cubic feet of vol- 
ume per I. H. P. for natural draft and 1 J to 1 J for forced di-aft. 
However, no fixed rules can be given, as each boiler is designed for 
the given conditions and these may vary considerably. Low pres- 
sure demands a larger boiler than high pressure. Boilers for ships 
in merchant marine and those designed for long voyages have large 
boilers. 

Area of Uptake and Funnel. In determining the size of the 
funnel many conditions are considered. The funnel is often 
designed to suit the appeai-ance of the ship. Some engineers 
prefer a small high funnel while othei-s have a tendency to use a 
short funnel of large diameter. The best diameter is fixed by 
rules based on successful pi*actic6. 

The area of the funnel is from | to J that of the grate. In 
the navy the funnels are made as small as possible for obvious 
reasons. The principal reasons for reducing the size of the funnel 
in the merchant marine are wind pressure, cooling action of wind 
and appeiirance. A funnel ^ to J the area of the gi-ate and whose 
top is about 40 feet above the grate will generally give good 
results. 

When forced draft is used the funnel may be made shorter 
and smaller. In the navy the top of the funnel is about 75 feet 
above the grate. Funnels are usually circular in section but 
sometimes are made oval. They are made of plate iron with lap 
or single butt joints, the butt strap being on the inside. 
The plates should be thicker at tlie bottom than at the top. 
For naval vessels the funnel plates are usually of steel and are 
made as light as possible. 

rianholes. Manholes and handholes are very similar ; the 
chief difference being that of size. The uses and general con- 
struction has been described in *' Construction of Boilei^s.'' There 
sliould be one or more manholes of a size at least 12 X 15 inches 
in every marine boiler. There is usually one in the shell, in the 
steam space ; two or more are usually i)laced in the end of a single 
ended lx)iler and in each end if the boiler is double ended. The 
hole cut in the plate should be strengthened by a plate or ring to 
compensate for the metal cut out. Another way is to flange the 
plar<3 inward ; the flange stiffening the plate and forming a good 
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face for the door joints. The doors are placed inside the boiler 
and are held in place by crossbars called "dogs." Sometimes a 
large manhole cover is fitted externally and held in place by bolts. 

The Rules of the Board of Supervising Inspectors state that 
all manholes for the shells of boilers over 40 inches in diameter 
shall have an opening of at least 11 X 15 inches in the clear. 
Also: Manhole openings, flanged, invariably should have a depth 
and thickness of flange to furnish as many cubic inches of material 
as was removed from the plate to form the opening. 

In order to show the principal dimensions of a boiler, and 
the proportions of the various parts, the following description and 
table is given. It stiitcs in detail the dimensions of one of the 
main boilera of the U. S. battleship '' Massachusetts," which is 
one of the most recent and most powerful battleships of the 
Navy. 

There are four double ended main botlei's and two single 
ended auxiliary boilei'S. All the boilers are of steel and of the 
horizontal fire-tube type. Each main boiler has eight furnaces ; 
four in each end. The auxiliary boilers have four furnaces in 
each. The shell of the main boiler is made of three courses of 
three plates each ; the rivets being 1^ inches in diameter. The 
longitudinal joints are treble riveted with double butt straps. 
The circumferential seams are double riveted lap joints. The 
joints of the combustion chambers are single riveted. The heads 
of the main boilers are flat but those of the auxiliary boilei'S 
have curved end plates. The radius of the curve is 2 feet 2 J 
inches at the front end and 2 feet 1|| inches at the back end. 
The furnaces are fitted with Cone's patent shaking grate bars. 

The circulation, while starting the fires, is obtained by means 
of Weir's hydrokineters. Each boiler has 4 safety valves, 3| 
inches in diameter, on one base. 

All the tubes are of steel. There iM*e two main smoke pipes 
and two auxiliary smoke pipes, the latter within the former. The 
mechanical dmft is obtiiined by means of Sturtevant blowera and 
the closed fire-room system. 
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BOILERS OF THE U. S. S. «• nASSACHUSETTS." 

FOUB- DOUBLE ENDED CYLINDRICAL BOILERS. 
DETAILS OP ONB BOILBR. 

Working pressure 160 poands 

Length 18 feet 

Diameter 15 feet 

Thickness of shell 1^| inches 

Thickness of heads, top . 1 inch 

Thickness of heads, bottom } inch 

Thickness of tube sheets | inch 



FURNACES. 



Number in each boiler 

Thickness 

Greatest external diameter 

Least internal diameter 

I^ength of grate 



COMBUSTION CHAMBERS. 



Number 

'i'hickncsH of plate 
Width at top 
Depth 

TUBES. 

Outside diameter 

Length between tube sheets 

Number, ordinary 

Number, stay 

Thickness, ordinary 12 B. W. Q. 

Thickness, stay 6 B. W. 6. 

Spaced vertically 

Spaced horizontally 

STATS. 

Diameter of screw stays 

Number of through braces (upper) 

Number of through braces (lower) 
Number of braces around lower manhole 
Number of braces from head to back tube 
sheets 



8 
^ inch 

5 feet 4 inches 

3 feet 

6 feet 9 inches 



9 
Iff 



4 
inch 
2 feet 5g inches 
7 feet 2g inches 

21 inches 

6 feet H inches 

676 

248 

.109 inch 

.203 inch 

3^ inches 

3| inches 

1 JJ inches 

24 of 2\ inches diameter 

3 of 2.\ inches diameter 

3 of lij inches diameter 

12 of IJ inches diameter 

20 of 2 inches diameter 
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UlSATING SUBFACB. 




Tube 


8647.5 square feet 


Furnace 


245 square feet 


Combustion chambers 


418 square U 


jet 
set 


Total 


4,310.5 square f( 


Grate surface 


138 square feet 


Area through tubes 


25.18 square feet 


Area over bridge walls 


15.56 square feet 


Volume of furnace and combustion cham- 




ber al)pve grates 


559.93 cubic feet 


Volume of steam space, water level G inches 




above top tubes 


737.41 cuhui feet 


Water surface, water level 6 inches above 




top tubes 


239.22 square feet 


SMOKE riPES. (two) 




Diameter 


7 feet " 


Total area 


68.42 square feet 


Height above lowest grate 


70 feet 


STOP VALVB8. 




Diameter of main stop valve 


9 inches 


Diameter of auxiliary stop valve 


5 inches 


TOTALS, FOUR BOILERS. 




UBATING SUBFACE. 




Tubes 


14,590 square feet 


Furnaces 


980 square feet 


Combustion chambers 


1,672 square f( 


jet 
jet 


Total 


17,242 square U 


Grate' surface 


552 square feet 


Area through tubes 


100.52 square feet 


Area over bridge walls 


62.24 square feet 


Volume of furnaces and combustion chambers 


2,239.72 cubic feet 


BATIOS. 




Tube II. S. to G. S. 


26.43 




Furnace 11. S. to G. S. 


1.78: 




Combustion chamber II. S. to G. S. 


8.01: 




Total II. S. to total G. S. 


81.24 : 




Area through tubes to G. S. 


.18: 




Steam room per square foot of grate 


5.34 cubic fc 


)ei 
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■ 

FURNACE DOORS. 

The furnace doors for a marine boiler must be as simple as 
possible. They are often made of cast iron but wrought iron is 
better on account of the rough usage to which they are subjected. 

Because of tlie rolling of the ship, there should be some device 
for holding the door open while stoking. Doors ohould be as 
small as possible so that the amount of cold air admitted while 
stoking and cleaning will be small. However, it must be large 
enough to stoke and clean the fires easily. When the furnaces 
are large two doora are advantageous because the amount of open- 
ing for stoking and cleaning is reduced and the sides of the grate 
more easily attended to. Doors should have a grid or damper for 
admitting air to the top of the fire. 

A door made of a single plate is likely to get very hot, warp 
and even crack. In order to protect the door from the heat an 
inside plate or screen is bolted to the door. This plate is perforated 
Avith many small holes through which air passes. As the air circu- 
lat(*s between the two plates, the door plate is kept comparatively 
cool ; the screen may be replaced when buiiit. All hitches and 
contrivances for keeping the doora open should be very simple and 
strong and capable of being worked easily because the stoker's 
chief tool is the shovel. 

Fire door frames are also injured by the intense heat and 
should be protected with a screen or fire brick. 

QRATE BAR5. 

Although there are many patent grate birs and an almost 
innumerable number of rocking grates, most engineers have found 
by experience that the plain ordinary grate bars are the best. The 
bi-eadth at the top is about 1 inch ; the air spaces between the 
bars are |^ to | inch at the top ; the bars taper about 1 to 1 J inch 
per foot of depth. This makes the space at the bottom somewhat 
greater than at the top so that coal and clinkers will not be 
wedged into the space. When wrought iron or steel bars are used 
, the spaces may be made less. The spaces are also less for forced 
draft. 

The length of the grate is about 1^ times the diameter of the 
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furnace. Thus for a furnace 3 feet in diameter, the grate would 
be 4^ feet long. This length is, however, often exceeded. The 
grate bars are usually 2^ to 4 feet long. If cast iron bars are used, 
they may be made about 5 feet long. 

The fire bare are usually made in two lengths ; this facilitates 
making and handling and also provides for expansion. The grate, 
however, is more efficient when tlie bars are in one length as the 
cross bearer is avoided, which causes a better flow of air and also 
allows the fireman to '* prick " the fire more effectively. 

The grate should slope about 1 inch per foot. 

If the grates are very long the slope may be 1^ inches 

per foot in order that the back end may be stoked 

more easily and the passage for the escape of the hot 

gases will be larger. 

The bridge at the back end of the grate should 

be of such a height that the area of the passage is 

J to ^ of the grate surface. 
'fi' 44 Grate bars are likely to become ver)r hot and 

burn at the tops. The burning is increased if the bars 
are irregular at the tops and the comers burned off. In case 
the air passages are blocked, either by warping or by clinker, air 
cools only one side of the bar. This will cause the other side to 
get hotter and hotter until the bar is burned. The slag formed 
from impurities in the coal melts and flows down the sides of the 
bars; as this slag solidifies on the sides it prevents the air from 
cooling the bars and as the slag at the top is thin, the heat burns 
the bars. To reduce burning the bars are often made concave at 
the top (as shown in Fig. 44), so that the ashes will accumulate 
there and protect the bar from the Intense heat. 

In order to allow for longitudinal expansion one end of the 
grate bars should be made slanting and the other notched to pre- 
vent sliding on the cross bar. 

EFPICIENCY OF THE FURNACE. 

The quantity of steam depends upon the amount of coal 
burned on the grate. This quantity of coal in turn depends upon 
the draft and the area of the grate. A furnace is said to be 
efficient if it buins the whole of the fuel upon it with little waste 
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and without supei-fluous air. In order to produce perfect combus- 
tion there must bo sufl&cient air to supply the necessary oxygen 
and the heat must be great enough to cause the chemical action. 

Experiment shows that there is sufficient heat in a pound of 
coal to evapomte about 16 pounds of water, but in marine practice 
only about 10 pounds of water are evaporated per pound of coal. 
This shows the efficiency of the boiler to be about .7. 

Among the causes of this low efficiency may be mentioned 
the following : 

Bad stoking causes loss on account of the small pieces of coal 
which fall through the grate bars and are lost in the ashes. If 
anthracite coal is used it l)ecomes brittle when heated and if dis- 
turbed breaks up. This loss may. be as much the fault of the grate 
bar setting as the fireman. 

If the grate bai*s are allowed to become uncovered or the fire 
become very thin an excess of air will enter the combustion cham- 
ber. As this superfluous air must be heated and does no good the 
heat is thei*eforo wasted. 

When the whole of the coal is not consumed there is of coui'se 
loss. If insufficient air is admitted above tlie fire, a small portion 
of the fuel is not consumed but passes up the funnel as smoke. 
Also it may be deposited on the tubes as soot or burnt in the 
smoke box in the base of the furnace. The resiaons for this loss 
are poor design and carelessness on the part of the fireman. ' 

Perhaps the chief loss is due to radiation from the boiler 
shell and the various openings. 

SnOKE BOX. 

When the products of combustion emerge from the tuliesthey 
are conducted to the upUike by means of the smoke box. Ihis- 
box is constructed of iron or steel plate and is made smoke tight. 
It is made separate from the boiler and bolted in place by studs* 
The bottom of the smoke box should be at least 12 inches broad 
measured in the direction of the length of the boiler. If too nar- 
row the bottom is soon filled with soot and dirt thus causing the 
lower rows of tulx3S to become inefficient if not useless. The l)ot- 
tom plate should l)e two or three inches Ixilow the lower row of 
tubes and the side plates about the same distance from the side 
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TOWS of tubes. The smoke box front slopes outward making the 
top of much greater area than the bottom. The breadth at the 
top is about twice that at the bottom and the top pla \ are fastened 
to the boiler above the top row of tubes. Above this the shape 
depends upon that of the uptake and funnel. 

The uptake is the part between the smoke box and the funnel. 
It should lead to the funnel as directly) as possible and with few 
bends or obstructions. 

The thickness of the plates for uptake and smoke box is about 
i ^ iV inch, depending upon the size of the boiler and the material 
used. 

The dooi's and plates of the smoke box should be provided 
with screen plates to protect them from the heat ; the distance 
between the plates is usually about 3 inches. Also the smoke 
box should have a back commencing just above the top row of 
tubes to protect the stay rod nuts. 

When several boilers discharge into the same funnel, each 
smoke box should have a separate uptake so that tlie smoke from 
one smoke box will not enter another. In order to control the 
draft and even shut off one boiler or one nest of tubes a damper is 
placed in eac|h uptake. 

SAFETY VALVES. 

The purpose of a safety valve is to automatically relieve the 
boiler from excessive pressure. 

The principal requisites of a good safety valve for marine 
work are as follows : 

When raised, the area for the escape of steam should be 
sufficient to allow steam to escape as fast as it is formed. 

Its construction should be such that it will close as soon as 
the pressure has fallen below the load. 

It should be so arranged that it can neither be tampered 
with nor get out of order. 

Its parts should be so constructed that the valve will act 
efficiently and promptly. 

It must be so designed and constructed that the motion of 
the ship will not affect it. 

Weight loaded safety valves are not now used and the lever 
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safety valves are in use in marine work only on oltl boilers. This 
type of valve does not fulfil the above conditions as well as 
properly constructed spring safety valves; 

The necesiary size of safety valves depends upon the volume 
of steam generated by the boiler in a given time. This volume 
depends upon the area of the grate, the -draft, the kind of fuel, 
the working pressure and the heating surface. In calculating the 
necessary size, most of these conditions are not considered. The 
size also '« taken as the area of the valve but the circumference 
sliould be used instead of area because for a given lift the amount 
of steam released is proportional to the circumference. 

Their ?.r« various rules for proportioning the safety valves. 
With given conditions the sizes obtained by using these different 
rules vary considerably. 

The Rules of the United States Board of Supervising Inspec- 
tors state, that the lever safety valves attached to marine boilei-s 
shall have an area of not less than one square inch to two square 
feet of grate surface and the seats of all such safety valves shall 
have an angle of inclination of 45 degrees. Each boiler shall have 
a separate safety valve. Spring loaded safety valves of the " pop " 
type, the re is, those constructed so as to give an increased lift by 
the operation of steam after being raised from their seats, shall 
have an area of not less than one square inch to three square feet 
of grate surface. Except for water-tube sectional boilera carry- 
ing a steam .pressure of over 175 pounds per square inch, the area 
of the safety valve shall be not less than one square inch to six 
square feet of grate surface. Two safety valves may be used if 
the combined ai-eas are equal to that of one of the required size. 
But no spring loaded safety valve can be used in place of a lever 
valve unless it has been approved by the Board of Supervising 
Inspectors. 

The English Board of Trade gives the following rule. For 
boilers carrying a pressure i»f 60 pounds per square inch the ai*ea 
of the safety valve should be ^ square inch to 1 square foot of 
grate. 

For ordinary boilers, 
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The area of grate is expressed in square inclies. 

Example. There are six furnaces in a double ended Scotch 
marine boiler. Each gmte is 3 feet wide and 6 feet long. What 
should be the diameter of the safety valve ? 

Total grate area = 6 X 3 X 6 = 108 sq. ft. = 15552 sq.uu 



Diameter of safety valve = y 



15552 



462 

= 5.87 inches. 

In case two safety valves are used the combined area should 
be, 

1^ = 8-1^16 X (5.87)« ^ 27.06 sq. in. 

4 4 

This gives 4 J -}- inches as the diameter of each valve. 

The French Government nile is based on the amount of 
heating surface and the pressure. This is evidently a much better 
rule than the preceding. 

Diameter of valve = 1.28 t/ ^tal heating sur ^^ 

' pressure + C. 

The heating surface is expressed in square feet. Then if in the 
above example the tctal heating surface is 80 times the gmte area 
(which is 108 square feet), and tlie boiler pressure is 150 pounds, 
the diameter is, 

^8240 



.ssy/i 



= 5.55 inches. 



159 

"^ The general arrangement of the common lever safety valve is 
shown in " Boiler Accessories.'* 

In order to set the valve or in other words to find the pres- 
sure at which it will blow off, we must know the diameter of the 
valve, the weight of the valve and valve spindle, the lenorth, weight 
and center of gravity of the lever and the weight of the ball at 
the end. The center of gravity of the lever may be found by 
balancing it on a knife edge. 

Then to find the pressure at \vhich the safety valve will blow 

off: 

1. Multiply the weight of the ball in pounds by its distance 

in inches from the fulcrum. 
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2. Multiply the weight of the valve and spindle in pounds 
by their distance in inches from the fulcrum. 

8 Multiply the weight of the lever arm in pounds by the 
distance of its center of gravity from the fulcrum in inches. 

Then add together the three products, (1), (2), and (3). 

Divide this sum by the area of the valve in square inches 
multiplied by its distance from the fulcrum. The result will be 
the pressure in pounds per square inch. 

Example. Suppose a weight of 80 pounds is hung on the 
end of a lever which weiglis 40 pounds. The center of gi-avity of 
the lever is 13 inches from the fulcrum and the ball is 38 inches 
from the fulcrum. Tlie valve and spindle weigh 20 pounds and 
are 6 inches from the fulcrum. If the viilve is 5 inches in diam< 
eter at what pitsssure will the safety valve blow? 

(1) 80 X 88 = i>040 

(2) 20 X 6 = 100 
(8) 40 X 18 = 520 



Sum =8660 

The area of the valve is 8.1416 X 6* _ ^g ggg ^ ^^ 

4 
18 5 inches from the fnlcrum, hence 

8660 Q- , , 

19.635 X 5 = ^^- + P"""*^- 

There are many spring safety valves used. The main prin- 
ciples of construction and operation are discussed in ^Boiler 
Accessories." 

« 

STOP VALVE. 

The main stop valve regulates the passage of steam from the 
boiler to the main steam pipe or engines. One is fitted to each 
boiler so that any boiler or all boilers may be in communication 
with or cut off from the engines. 

This valve should be of sufficient size to pass out with little 
resistance all the steam the boiler is capable of makmg. One of 
the chief reasons for a drop in pressure between the boilers and 
engine is a small stop valve or one so constructed as to retard the 
flow of steam. 
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The size of the valves depends upon the steam pipes. The 
size of the main steam pij>e may be calculated as shown in " Boiler 
Accessories." This method takes into consideration the amount 
of steam used by the engine. 

The diameter of the steam pipes from the boiler to the main 
steam pipe may be foimd from the following formula, 






3n 

D = diameter of main steam pipe. 

d = diameter of branch pipe. 

n = number of boilers (two or more). 

Example. The main steam pipe is 16 inches in diameter; 
what should be the diameter of the branch pipes to the three 
boilers ? 



V 3n 

— '^ 1 = 11 inches (nearly). 



3X8 



3 

To determine the size of a pipe for any boiler, the following 
rule may be used. 

Area =(J square inch per square foot of grate + .01 square 

inch per square foot of heating surface) X V . 

^ pressure 

Example. What is the diameter of the steam pipe of a boiler 
carrying a pressure of 120 pounds, and having a grate surface of 
48 square feet and a heating surface of 1494 square feet? 

Area = (I X 48 + .01 X 1494) X y/j^. 

= 24.6 square inches. 

The diameter would be 5| inches. 

The valve and seat are usually made of bronze or gun-metal, 
and as full pressure is on them when shut, they sliould be strong 
enough to stand it. 

Stop valves for wai'ships and for some ve&sels in the merchant 
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marine, aru s(! poiistnictetl that wlieiiever the jiressiire in the 
boiler becomes less tlmii tliiit in the Hteum pi|>o tlie valve immetli- 
iitely" closes. Thus if ii shot {>eiietmt('s the lioilur or if a tube or 
plate givi'H way, steam from the other lH»ilers would not escape 
through the injui-ed one. 

Such a valve, the Foster Automatic Safety Stop Valve, is 
shown in Fig. 4.1. Steam enters at A and passes through the 
valve H auil out at li. To start tlio flow of steaui when the valve 




Fig. 46. 

is closed and there is no steam paj^sing through, open the passage 
K hy turning the small set screw. A^ soon as the pressure in the 
(liaphragtu chanilK3r accumulates to a point equal to the strength 
of the spring, it lifts the diaphn^m, i-aises the valve fi-om the 
scats and steam flo^vs through. 

Steam eontinnes to Sow until the pressure in the chamber D 
(alls below the power of the spring. This happens in case of 
accident or when the valve V is opened. The pressure in D may 
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also he relieved tlirougli the check valves C, wliieh lead to the 
hoiler and to tlie main steam pipe. 

The steam port E is about -^^ inch in diameter. The springs 
are adjusted for a pi-essure of 20 to 30 pounds below the minimum 
pressure carried in the lioiler. 

In an older form of this valve, small liand valves take iho 
place of the check valves. This makes the valve less automatic 
in starting, as first one valve is opened and when steam is flowing 
it is closed and another opened. 

Auxiliary stop valves, also automatic, are fitted to each boiler 
so that steam may be supplie<l to auxiliaiy machinery, independ- 
ent of the main stop valve and the main steam pipe. 

FEED VALVES. 

As water evaporates in the boiler fresh water must be fed to 
take its place. In the pipe conveying the feed water from tlie 
pumps to the l)oiler there should be a feed valve. There should 
be one in the main feed pipe and a similar one in the auxiliary 
feed pipe. These valves should be fitted with a screw spindle 
from which it can be detached. The spindle is used to shut the 
valve when no water is required and to regulate the height of the 
check valve to the amount of water required. As it is independ- 
ent of the spindle it acts as a self-acting non-return valve. The 
valve, sometimes called a check valve, should l)e very strong and 
is often made of gun-metal or bronze. 

The area in square inches through the feed valve may be 
found from the following rule. 

A total heating surface 
Area = —^-^ . 

241) 
For the auxiliaiy feed valve, 

A total heatin&f surface 

^^^ = m • 

BLOW-OFF VALVE. 

The blow-out valve or blow-off cock is fitted at or near the 
l)ottom of the boiler in order that some of the water may be blown 
off as required. A pipe connects this valve with another which ia 
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placed at tlie l)ottom of the ship, l^y oj)ening tliese two valves the 
boiler may be emptied of its water if there is slight steam pressure, 
or if empty the boiler can \>e filled with salt water. As sea water is 
now seldom used for filling boilers, this connection with the sea is 
useful only to blow out the water. The boiler should not be blown 
out except when under slighc pressure, 10 or 20 pounds. This 
valve or cock should be strong and well made because it is subject 
to hard usage and neglect. 

The clear area through the blow-out valve should be about 
1 square inch for each ton of water in the boiler. 

5CUn COCK. 

The scum cock, sometimes called the brine valve, is fitted to 
the boiler near tlie water level. Scum and other impurities collect 
near the water line and are blown out when necessary. Sometimes 
a perfomted pipe is connected to it ; this pipe should not be lower 
than the lowest working level. The object of the pij)e is to col- 
lect scum and floating impurities. Fonnerly, when salt water 
was used as feed water, this valve came into frequent use, for 
the water became very dense and a part had to be blo^vTi out and 
replaced with sea water. However, at the present time it is used 
only when the surface of the water becomes dirty. 

The principal impurity in marine boilers is oil. This oil, 
either in patches or pellets floats on or near the surface, and 
hinders the free rise of steam bubbles causing the boiler to overheat. 
It is blown out by the scum cocks. This valve should be placed 
below the water level and above the heating surface so that in case 
of leaks or accident the water will not fall below the latter. 

It is l)etter to remove the oil from the feed by means of 
filtei-s than to wait and blow it out. 

WATER QAQES. 

Marine boilers should be supplied with water gages and gage 
glasses in the same manner as statioiiaiy boilers. These fittings 
aie described in *' Boiler Accessories.'* Tlu^y should be placed on 
the front end where they are easily seen. As it is veiy important 
to know the true level at all times, these fittings must be kept 
very clean especially if the water in the boiler contains much salt; 
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the deposit of salt is likely to clog the connections. The drain 
cock at the lower end of the gage glass should be provided with a 
drain pipe so that the water will not corrode the front of the 
boiler. 

The gage glass should be placed, not on the front plate but 
on a stand pipe which is connected to the steam space at a point 
where foaming and priming will not afiEect it and to the water 
space where there is little circulation. Gage glasses are likely to 
indicate a wrong water level if not often blown through. There 
are several reasons for this : Water cools hi the gage ghiss and in 
the stand pipe, is therefore of greater density and shows lower 
water level. An accumulation in the gage glass of distill^jd water 
(condensed steam) is lighter than the water in the boiler and 
causes a higher level to be indicated. 

Test cocks should be fitted to tlie end plate. This is impor- 
tant as it is essential that the water level be known even if the 
glass breaks. Low water in a stationary boiler is diingerous but 
as the furnace crowns of marine boilera arc so far below the water 
level, thera is not £is much danger in having low water. 

STEAn AND VACUUn QAQES. 

Steam gages of the Bourdon type are used to indicate the 
pressure in marine boilera. Their method of working and general 
appearance are discussed in " Boiler Acceasories." Pressure gages 
are used on the boilera and receivera and vacuum gages on the 
condensers. Usually the pressure gages, vacuum gages and a 
clock are placed on a gage board in the engine room so that the 
engineer can know at all times the working conditions of the vari- 
ous parts of the machinery. 

5ALIN0METER. 

Formerly it was the custom to feed boilers directly from the 
sea. This water, however, contains considerable solid matter, 
called salt, which rendera it undesirable for feed water. At 
present the amount of sea water thus used is small. 

Saline matter in sea water is measured in ounces per gallon 
or as a proportion in 1000 parts. Sea water (;ontains about ^ of 
its weight in solid matter. Hence sea water if analyzed shows 
that for every 1000 pounds tliere are about 82 pounds of saline 
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matter. This amount varies in different parts of the globe. The 
following gives an idea of the variation. The tiible shows the 
weight of solid matter per 1000 pounds and also the i-atio of solid 
matter per pound. 

Arctic Ocean 28.5— ^ Baltic Sea 6.6 — ^Jy 

Atlantic Ocean (equator) 40.0 — ^\ British Channel 35.5 — ,>g 
North Atlantic 45.4— r^ Irish Sea 33.0— J^ 

South Atlantic 41.6— ^ Red Sea 43.0— ^'^ 

Black Sea 21.0— ,1^ Mediterranean Sea 38.0 — ^/^ 

Dead Sea 390.5 — ^\^ 

Sup[Kxse tliis salt water is fed to si boiler. The Avater is 
evaporated and the salt left l)ehind. As the process continues the 
water within the boiler becomes more and more dense because the 
greater the amount of saline matter present the greater the 
density. This increase of concentration continues until the point 
of saturation is reached. The point of saturation is the point at 
which the water luus dissolved all the salt that it can and any fur- 
ther evaporation causes salt to be deposited. 

This increase of density raises the boiling point and the 
deposit of salt on the heating surface, if allowed to become thick, 
hinders the free tiansmission of heat and increiises the liability of 
burning. 

For these reasons it is necessary to have some means of know- 
ing the proportion of salt in the water of the boiler. As the 
density increases directly as the amount of salt an hydrometer is 
used. This instrument is called a salinometer when used Avith 
salt water. It is a float having a constant weight and measures 
the densities of liquids by the depth to which it sinks when 
immeraed in the liquids. 

The instrument is a cylindrical tube small at the upper 
and enlarged at the lower end. The upper end called the stem is 
graduated ; the lower end is enlarged to give buoyancy to the 
instrument. This enlarged end terminates in a small globe con- 
taining shot or some heavy substance to make it float in an upright 
position. When it is immersed in a liquid the weight of the 
liquid displaced is equal to the weight of the salinometer. For a 
dense liquid like salt water the stem will project farther above the 
sui-face than it will in fresh water. 
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To graduate this instrument it is placed in distilled water of 
a known temperature and tlia point to wliich it is immersed marked 
zero. Then sea salt is dissolved in water at the above temperature 
in the proportions of one, two, and three pounds of salt to thirty- 

Otwo pounds of \vater. The points to which the instru- 
ment siuka in these solutions are marked j'^, ^.-^ and ^.^, 
These divisions are subdivided into halves and quarlenj. 
The temperature at which these graduations 
are made is marked in thescale. Some saliiio- 
meters are graduated for three temperatui'es, 
190% 200' and 210° F. 

Fig, 46 shows au hydi-omctur with tht; 
scale gr.idnatcd for salt water ; tliu scale de- 
veloped ami enlargwl is shown in Fig. 4". 

It is necessary to know the tem^ierature 
within a few degrees, because for every 
increase of 10 degi-ees the instrument indi- 
cates a density of J of j'j less. Or, if the 
temperature is 210° and tlie density reading 
is taken on the 200° scale, the reading will 
be in error j of one of the g'j divisions. 

The salinometer is usually made of glass. 
If made of copper, it should Ik handled care- 
fully as any indentation alteis the relation 
existing between the volume and weight of 
the instrument. As a result the scale be- 
i incorrect. 

Hydrometers are used in connection with & 
Fig. 46. 8alinomet«r-pot. 

All marine boilers should be provided with a pei^ 
manently attached salinometer-pot. It should be so coti- 
structed that a constant flow of water from the boiler will lie 
maintained while testing the density. Also, it should 
reduce the temperature of the water to a fixed temperature 
below the boiling point so that ebullition and the formation of 
vapor will be avoided. A common form of salinometer-pot is 
shown in Fig. 48. Water enters the central pipe in the tall com- 
paiinient and when it hiis risen to the height ol the small holes 
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near the top, it flows out into the compartment. It then pusses 
to ihe shorter Ifti-ger chiimbei- in which is placed the hydrometer 
and thermometer. The water level is kept constant hy means 
of the overflow pipe. A small hole in the cover ot the tall cham- 
ber allows air and vapor to escape. 

The covers of the salinometer chambers are attached to chains 
which prevent their being lost when the vessel rolls. 



^ 




EVAPORATOR& 

In all kinds of vessels, fresh water is a necessity. Those steam- 
ing on lakes and rivers can, oi course, obtain fresh water with 
little trouble; but in the case of war ships and vessels sailing on the 
ocean this problem is not as eiisily solved. Of course a large 
qiiaiitity of fresh water can be curried in tanks and double boltomg 
but these methixls are not altogether aatisfactory. Water thus 
carried is dead weight and as it is likely to contain corrosiv* 
agents and scale forming salts it is ir.jurious to the boiler. 
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Thfl amoitnt of make up water necessary in a lai^ vessel is 
coiiBidenible. In most vessels of the present day this make up 
water is obtained from salt water by distillation. We know tliat 
when water la heated to f >nn steam, the heat drives out the .vola- 
tile gases and precipitates the solids. The steam thus formed is 
pure. Sea water is distilled in evaporators or distillers. 

There are several evaporators having many ingenious devices 
but the principle upon which they all work is essentially the same. 
The evaporator, shown 
in Fig. 49, consists of a 
cylindrical shell similar 
to that of a vertical 
boiler and an arrange- 
ment of tulx's within it. 
On the shell arc placed 
such fittiiigs iis giige 
glass, pressui-e giige, 
salinonieterf etc. Sea 
water Is pumped into 
the evajwrator by a doii- 
' key pump and it is then 
evajwratcd I)y a(ln)itting 
steam from the boilei-s 
or from one of the re- 
ceive™ to the coil of 
tubes. The steam thus 
formed from the salt 
water is either con- 
densed in the auxiliary condenser or passes to the low pressure 
receiver. It then enters the boilers and makes up the loss 
from leakage, etc. The steam within the coils is partly 
condensed 'then trapped out and returned to the feed. The 
evaporator acts like a small boiler, the heat being supplied by 
steam instead of a furnace. The evaporation of pea water makes 
the water in the evaporator very dense and the tubes become 
coated with salt. When the salinometer shows the requisite 
density a part of the water may be blown out. The tubes are so 
vranged that they can easily be withdrawn from the evaporator 
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(«is shown in the figure) and cleaned. Evaporators are made both 
huiizontal and vertical and in sizes to suit requirements. 

HYDROKINETER. 

We know that the water in a marine boiler below the level 
of the fire bars is at a much lower temperature than that above. 
Also we have seen that in all internally fired boilers the circulation 
is not good. Now, if a cylindrical marine boiler is filled with cold 
water and a fii*e is started, the water in the bottom of the boiler 
remains cold even after steam is formed. In order to raise the 
temperature of this cold water the circulation must be improved or 
the cold water drawn off and hot water substituted. 

Some engineers adopt the above plan while others employ a 
small pump. Perhaps the best and most used method of improv- 
ing the circulation is by means of a hydrokineter. This instru- 
ment consists of a series of nozzles one within the other. At the 
rear of each there is a grating through which the water passes. 
Steam from an auxiliary or donkey boiler is introduced into these 
nozzles and as it issues from tlie small one it causes the water to 
flow with the steam. With this instrument the circulation is 
greatly improved and the temperature of the water at the bottom 
of the boiler is very nearly the same as that of the water above. 
This i)lan allows steam to be raised in a much shorter time and 
causes the life of the boiler to be greatly prolonged while the cost 
of operating is practically nothing because the heat of the steam 
taken from another boiler enters the water in the main boiler. 

FEED ARRANGEriENTS. 

Marine boilers are fed with either fresh or salt water. When 
the water is salt it usually enters the boiler while cold ; if fresh, it 
is tiiken from the hot well, and has a temperature of 100*' to 140® 
or it may be fed cold as in the case of a lake or river steamer. 
The most common practice is to feed the boiler with hot fresh 
water heated by heatera, or from the hot well ; the loss from leaks, 
blowing off of the safety valve, etc., is sometimes made up by 
taking salt water from the ocean and blowing off when the density 
in the boiler is about ^j. At the present time, however, this 
shortiige is often made good by distilled v^<».ter from evapomtors or 
disti lid's. 
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The use of distilled water is adv;intageoiis because it contain.^ 
no corrosive elements except a small amount of air. Sea water, 
however, not only deposits salt, which hinder the free ti-ansmis- 
sion of heat, but contains compounds which corrode iron and steel. 

One of the most liarmful agents found in marine boilers is 
air. Pure water, if not in the presence of air, will not corrode 
iron. Air not only furnishes the oxygen necessary to promote 
corrosion by water but it also aids such chlorides as anmiouium, 
sodium, potassium, barium, etc., in their corrosive action. 

As it is almost imix)8sible to feed water into a boiler without 
its containing some air, the feed should be introduced at some 
point where it may mix with the hot water and lose its air at a 
point where tlie corrosion will not be dangerous. 

Water should never be admitted at or near the bottom of the 
boiler, because at that point the circulation is restricted and iishes 
and the inrush of cold air to the furnaces prevent heat from pass- 
ing to the water. This causes the water to stay at the bottom of 
the boiler. 

A better place to introduce the feed water is over the back 
ends of the tulies, so that it will be thoroughly mixed with hot 
water and the air readily flow to the steam space. 

Many engineera prefer to inject the feed water in the form of 
spray at a point a little above or just below the surface of the 
water. This avoids all danger to the boiler plates. The feed is 
generally led through pipes which are fixed inside the boiler. By 
this plan the water is heated before it mixes with that in the 
boiler. This heating is of great importance if the feed is cold, as 
it tends to keep the boiler in good condition. The internal pii>e 
should be so arranged that it always " runs full " ; that is, it should 
never have any steam within it. If steam is present in the feed 
pipe, every stroke of the pump produces a concussion which 
damages the pipe and the boiler. This may be avoided by turn- 
ing the end of the pipe upward when discharging above the water 
line, and downward with the end well below the water level, when 
discharging below the surface. The internal pipe is very likely 
to corrode rapidly but it is far more easily replaced than the plates 
or tubes of the boiler. 

Marine boilei'S are fed by means of direct acting steam pumps i 
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injectors ai-e seldom used. The pumps are usually vertical so that 
they will not take up too much floor space. There ai-e many 
varieties of these pumps ; the Worthington Admiralty pump shown 
in Fig. 50 may be taken as an example. It is of the vertical 
type and adapted to marine work either as a boiler feed pump or 
as a bilge or fire service pump. In construction and operation it 
is similar to the Worthington pump in general. It is usually 
duplex and capable of pumping against a pressure of 150 to 250 
pounds per square inch. 

LAOaiNQ. 

In addition to lagging the steam pipes, it is necessary to clothe 
the boiler to prevent loss by radiation which may aiiiount to about 
10 per cent. Tlie material used should be incombustible and 
inorganic as well as a non-conductor of heat. Also, the clothing 
should be such that it will stand mechanical action ; if it is brittle 
the dust formed by constant vibration is likely to get into the 
bearings of the engine. 

In " Boiler Accessories " the various materials used for this 
purpose arc described with a table showing their relative values. 
In addition to tliese there are several kinds of patent lagging which 
possess many advantages. 

DRAFT. 

The term draft is used in various ways. It usually refers to 
the difference in pressurd between the gases when they leave the 
boiler and that of the external air. It is also used as meaning the 
difference between the air pressure under thegmte and that on top 
of the coal. A third meaning is sometimes given to the word ; it 
is the measure of the volume or weight of the gases passing over 
the fire in a given time. 

The force of the draft is used in two ways. A portion of it 
is necessary to overcome the resistance of the grate and the fuel 
upon it, also the resistance of the combustion chamber, flues or 
tubes and uptake. It must also be sufficient to give the air the 
necessary velocity for direct combustion. Hence, if a thicker layer 
of coal is placed on the grate the intensity of the draft must be 
greater. 

The dmft must be sufficient to overcome the great resistance 
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of tho grate, fire, tubes, etc., as well as to anpply tho requisite 

woluTot of air for combustion. 

The velocity of the 
gafiBB is due to n difFei- 
ence of pressure which, 
in the case of a chimney 
is dependent upon the 
temperature and the 
height of the chimney. 

That chimneys do 
not always supply the 
necessary draft and that 
they must often be built 
very high is evident. 
Even changes of climate 
or wind often seriously 
impair the dmft. For 
the.se rpa.wns and on 
account of the impoasi- 
bility of ahigli ehimnoy 
on lioard a ship, some 
kind of artificial draft 
muat be used. 

In the locomotive, 
the intense draft is pro- 
duced by a jet of ex- 
hiiast steam. Thii^ 
method is not suited to 
marine work Iwoauso the 
exhaust stt-ani is con- 
den sfd and used over 
and over again, thus re- 
ducing the amoiuit of 
fifsli'water carried and 
increasing the jxiwer of 
y^^ ^ tlie engint-s by the use 

of the condenser. 
The most common method o! producing mechanical dmft is 
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tnt' fill! blower. Tho fan for tlii-s work w wliat is known H9 tlie 
peiipliem] dUclmr^e tyjie, tliat ia, tlic fiin mnslsts of a niini1)er of 
b'ailes fxU^nding radially ti-om tlie axis. TI»e air is drawn in 
axinlly at ttie cfMl«r and diacliarged from the ends of tlie blades 
in a tangential (Mi-ection. For forced draft tlie fan is enclosed in 
a case ahaped so that the air will escai* freely from tlio bliilea 
through a delivery pipe. Fig. 51 shows a Sturtevant fan used for 
forced draft in marine work 

To design a fan of required BiT-e, the peiipheral specil must . 
be suSicient to create the desired ^reevure and the requisite volume. 



Fig. Bt. 
Thiis,» lai^ wheel running slowly or a small w]ie<4 running at high 
speed may give the desiretl volume and pressure. But if the whe<'I 
iatoo small the width may not he anfhcieut to|K>rmit tho jwiwiagnof 
the volinne of air unlesa the fan is run at a'Ki)ee<l that will make 
the i)ressure too great. 

Tliero! are two methods of applying mechanical draft ; increas- 
iag the pressure under the grate and creating a vacit'im above the 
■jre. As the first method was for a long time the only one used, 
mechanical draft teas called forced draft. 

The usual method of applying the induced or suction draft is 
to use a fan exhauster in place of a chimney, that ia, the fen 
creates the pirlial vacuum of the chimney; a shor"- stack conducts 
the ga^ea to the atmosphere. 
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With the forced draft two methods may be used, the closed 
ashpit and the closed fire-room. 

Closed Ashpit System. This method was first applied and 
is the best if it can be readily adopted. In marine boilers, the air 
is usually forced into the ashpit which is closed to the fire-room. 
The pressure in the ashpit causes all leakage to be outward. 
Therefore, if tlie pressure is considerable, there is tendency to blow 

the ashes out of the 
ashpit and the flames 
and fuel out of the 
doors. In order to 
avoid this danger, an 
arrangement of 
double doors and 
dampers is used. 
They are often so 
arranged that when 
the doors are opened, 
the draft is shut off. . 
• The great ad- 
vantage of this system 
is that there is no 
leakage in the tubes 
at the combustion 
chamber end if proper 
care is taken. 
In the navy, the protective, deck and the water-tight suu 
divisions make it *^\fficult to use the closed Jishpit system. The 
chief disadvantage iiere is the absence of ventilation. Wherever 
it has been used and in the merchant marine it has been on the 
wliole, very satisfactory. 

This system has another advantage ; it presents an oppo> 
tunity for utilizing the heat of the waste gases. 

There are several arrangements for applying forced draft by 
the closed ashpit system ; that known as Kafer^s method is one 
of the best. 

Kafer^B Method. This method of forced draft is illustrated in 
Pig. 52. The ashpits are closed by means of light iron doors made 




Fig. 52. 
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air-tight by asbestos gaskets. A lunged damper, shown in the 
figure as partly open, regulates the supply of air to each furnace. 

The air from the blower passes through the duct to the closed 
ashpit and from there it may enter the space under the grate or it 
may pass through openings in the dead plate to the space between 
the inner and outer djor plates. The inner plate is perforated 
with many small holes which allow the air to enter the iipace over 
the fire. As the air pressure in tl^e space between the inner and 
outer plates of the door is greater than that in the furnace no gas 
can escape into the fire room, the leakage being pure air which 
improves the ventilation slightly and keeps the fire door cool. 

Closed 5toke-hold. For ordinary work and for most vessels 
in the merchant marine, an air-tight fire-room is impracticable. 
In naval vessels, however, the numerous water-tight compartments 
and the constructions for protection from shot and shell make air** 
tight fire-rooms almost a necessity. During an engagement the 
l)oiler and engine rooms must be closed and air supplied artificially 
Thus mechanical draft is a necessity as well as an auxiliaiy. 

In this method air is forced into the fire-room until the pres- 
sure exceeds that in the furnaces. Then the fires are stoked in 
the same manner as with natural draft. 

Among the advantages of the closed fire-room system may be 
mentioned the following. It prevents the escape of flame and 
smoke into the fire-room ; all the leakage being inward to the fur- 
naces. It aids ventilation since the great quantity of air for the 
furnaces must pass tfirough the fire-room. 

The great objection to this method is the chilling of the 
interior plates of the boiler whenever the fire-doors are opened. 
The inrush of comparatively cold air causes local contraction of tube 
sheets and combustion chamber plates which soon causes leaky tubes. 
This system is harder for the stokers than the closed ashpit system. 

Induced System. In this system a partial vacuum is formed 
in the furnace by means of an exhauster which is similar to a 
blower. The effect is very similar to that of a chimney except 
that the draft is steadier, more intense and far more easily 
re<^ulated. When used on board ship it gives good ventilation, a!id 
is easily regulated. The early difficulty of obtaining fans that 
would stand a temperature of 500^ or more has been overcome. 
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The relative efBciencies of the forced and induced By^teins 
have not been definitely determined because of the many circum- 
stances whicli make tlie conditions unequal. However, testil seem 
to show that tlie induced system is more efficient. Probably this 
is due to the better distribution of air and the reduoed tendency 
to blow holes in the bed of coal. 

With this jiyst^m tlie fan must be larger than with forced 
draft because the heated air occupies a much gi'eater volume and 
also because the weight of air is increased by the portion of the 
coal which has entered into chemical combination with the air. 
This amount is about 5 per cent of the weight of air supplied; 

AdvantasM of Mechanist Draft. Mechanical draft possesses 
many advantages for both stationary and marine work. For 'the 
navy it !s a n^c^ssity l)ecause high funnels are undesirable if not 
impossible. Let us suppose the boilera are designed to furnish 
steam for the engines running at about 5,000 to 6,000 I. H. P. 
with chimney draft. If the enemy is lighted all possible speed 
is necessaiy and the I. H, P, must be increased to 10,000 or 
16,000 in a very short time. If forced draft is not used the 
vessel would cruise under three or four boilers but would have 
in reserve four or five more. Now this extra weight is very 
seldom used and while unused is of course dead weight. Mechan- 
ical draft makes it possible for the fewer boilei-s to furnish the 
maximum Jimount of steam. This feature is especially noticeable 
in torpedo boats and destroyers. 

In the merchant marine the forced draft svstem enables fewer 
and smaller boilers to furnish the required steam. Hence, either 
more passengers or a larger cargo may be carried. 

With chimneys the conditions are [iractically fixed while 
with any of the, three systems changes in conditions are possible. 

One of the greatest advantages is the ease with which the 
draft may be controlled. The draft may be regulated by means 
of dampers in the chimney but chimney draft depends upon the 
state of the fire^ that is, with a low fire the draft is slight. On 
the other hand, a fan controls the draft whether the fire is low or 
not. The maximum draft can be obtained almost instantly and 
at the time when it is most needed. Also, artificial draft may be 
JO regulated that the steam pressure will be practically constant. 
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Forced draft is independent of climatic conditions ; variation 
of wind and fog are not of any inipoilance. 

The efficiency depends upon the boiler. If with forced draft 
the boiler has a large ratio of heating surface to grate area, the 
efficiency will be greater than for a small heating surface. With 
chimney draft only about 20 to 25 pounds of coal can be burned 
per square foot of grate per hour; with forced draft 50 to 100 
pounds may be burned. Thus the capacity, and perhaps the 
economy is increased. 

Cheap fuels are much more easily employed with mechanical 
draft. Steamers may use a cheap inferior coal that could not pos- 
sibly be burned with natural draft and ordinary grate bare. 

With a chimney a high temperature is necessary to cause the 
requisite draft. If anything reduces this temperature the draft is 
impaired. With forced draft the boat in tbo waste ga.ses may re- 
utilized in heating the feed water, or air for draft. Economizers, 
retiirflere and abstractors are succc^ssfully used with artificial draft. 

The size of the boiler and hence the fii-st cost is considerably 
lessened. 

MECHANICAL STOKERS. 

When small quantities of coal are fired at frequent intervals 
instead of large quantities at greater intervals an increased effi- 
ciency IS the result. A mechanical stoker should then possess many 
advantages over hand firing. This economy, however, can be 
realized only when the mechanical stoker is suited to the work and 
properly operated. 

Among the advantages may be mentioned the following: 
Absence of smoke, saving of la])or, uniform fire, and the use of a 
cheaper fuel. 

There are three principal tyj)es, the under feed, the inclined 
over feed and the chain. 

In the under feed the coal is forced in and upward by means 
of a screw Jrom beneath. The fuel is siipj)lied along the center of 
the grate and as it is forced upward it falls over on the sides f5rm- 
ing a mound. On account of the thickness of the fuel at the center 
the draft must })e stronger there tlian at the sides. This is usually 
accomplished by means of a blower* 
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The inclined over feed stoker is a sloping grate with the 
highest portion at the front where the coal is fed. The grates are 
constructed so that they are moved at intervals, so as to feed the 
fuel along and down the surface. This movement is usually caused 
by a small independent engine. 

The chain grate is the third type. Fuel is fed at the front 
of the boiler to the chain grate which slowly moves toward the 
bridge. During this time the fuel burns undisturbed. When it 
reaches the bridge it is dumped as ashes. Air is supplied at 
various points, usually by means of some system of forced draft. 

Mechanical stokers are likely to get out of order on account 
of the intense heat and the dirt. In order to get good results, 
constant attention is necessary ; the rate of combustion must be 
regulated to suit the evaporation. Mechanical stokers are Init 
little used at sea, although tliey are adapted for inferior fuels and 
bituminous coal. 

FUELS. 

Tlie principal fuel used in marine boilers is coal. In somo 
localities, however, wood or petroleum is more abundant and there- 
fore more extensively used. The various kinds of coa^ are dis« 
cussed in " Boiler Accessories.'* The kind used depends largely 
on the locality and choice of the ownera. Bituminous coal is 
perhaps the most used on board ship chiefly on account of its 
cheapness. If the coal is in large lumps the thickness of the bed 
may be considerable. For very fine coal a thickness of three or 
four inches is most economical ; a fire having such a thin bed of 
coal must be watched carefully and stoked almost continuously. 

Patent fuels are made in blocks from small coal. This lefuse 
from mines and coal yards cannot be easily transported unless 
mixed with tar, clay or some adhesive substance which holds the 
particles together. The heating value of these bricks depends 
upon the amount of coal in them. 

The value of a fuel is determined by its chemical composition. 
All fuels contain carbon ; almost all have some hydrogen, oxygen 
and small quantities of nitrogen and sulphur. 

We know that heat is measured in British thermal units. 
The heat value of any given coal is equal to the sum of the heat 
units in the various elements. 
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If one pound of carbon is l)nrne<l it gives out about 14,500 
H. T. U,, and requires about 12 pounds of air to consnnie it, that 
Ls, to convert it into carbon dioxide gas. If, liowever, tlie air 
Kupply is too Bmall, tJxere is considerable loss, the carbon forming 
carbon monoxide giving out only about 4,400 B, T. U. 

One pound of hydrogen gas requires about 3(5 pounds of air to 
consume it. Its lieat of combustion is about 02,000 R. T. U, 

Sulphur is present in good cojil only in very small quantities 
and lias a heat value of about 4,000 units. 

Knowing the amount of carbon and hydrogen in a pound of 
coal we can compute its heat value as explained in ** Cliemistry." 

The heat value of any coal can be calculated if the chemical 
composition is known ; or it may be found by burning a little coal 
in a coal calorimeter. 

Although about 12 pounds of air are theoretically necessaiy 
in buining a pound of coal, practically 18 to 24 pounds are su|>- 
plicd in ord(»r that the air may readily reach the fuel and that the 
carl)on may be bunied to carbon dioxide. 

CARE OP BOILERS. 

To manage a l)oiler successfully, the desired amount of work 
should be ()l)tained from it and at the same time the exj>enses 
should be kept as low as possible. This requires a knowledge 
which can 1x3 obtained only by experience. Beside this skill in 
management, the boiler must be well designed, the feed water 
good and the fuel suited to the boiler. Still another condition is 
that the necessary repaii-s be made promptly and the causes for 
deterioration removed. 

It is essential that the engineer should know the positions of 
all piping, valves, cocks, etc., so well that he can find them in the 
shortest possible time, even in the dark. 

Before getting up steam, all the valves and cocks should be 
carefully examined to see that they are in good working order. 

Qettins^ up Steam* The method of getting up steam de{)ends 
ujx)!! the type of boiler, the time allowed and the condition of tlie 
other boilei-s al)oard. For instance, steam can be raised much 
more rapidly in a water-tube boiler than in a long double ended 
cylindrioal boiler. If bu engineer has plenty of time he has a fire 
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built in one furnace and steam faised very slowly. If steam must 
be itiised quickly, fires are started in all the furnaces at-once and 
some means is employed to increase the circulation ; a hydrokineter 
or steam from another boiler. In case steam is Up in an auxiliary 
boiler, the fii'es in the others are stai-ted from those in tlie 
auxiliary boiler, and the steam from the latter may be used to 
pump water into the empty boiler. Where there are no auxiliary 
iwllers, steam should be raised slowly by building a fire In the 
lowest furnace. 

Let us suppose we are to raise steam in a cylindrical boiler 
which is empty. Firsts it is necessary to inspect the interior. If 
the plates, tubeS) joints, braces and stays are in good condition, all 
openings should be closed. Before closing manholes and hand- 
holeSf all tools, materials and articles used in repaii'S or inspection 
should be removed. If soiled overalls, hand-lamps, etc., are left 
in the boiler, they are likely to cause trouble by stopping up the 
outlets. 

It is Important to have Ihe safety valves in good working 
condition. They should be tried often so tliat they wOl not 
become rusted to the seats* The connections to tlio water colunni 
should receive particular attention as they are very likely to 
l)ecome clogged with salt, especially the lower ones. 

The main stop valve should be closed but not tightly ; it 
should be •• cracked oflf the seat.'* If the vtilvc is closed tightly 
it may become jammed to the seat when steam is formed. It is 
left slightly open for oth(»r reasons ; it gives. the main steam pipe a 
chance to l^econie warm as far as the bulkhead stop valves (if 
these are fitted) | it allows (M)jidensation to be drained oil and, 
with the atmospheric valve, it allows the air in the steam space to 
get (mt of the boiler when steam is formed. If there is no outlet, 
the air in the steam space becomes compressed while steam is 
forming. This imprisoned air when compressed prevents the free 
formation of steam and also causes the i)ressure gage to indicate a 
pressure greater than that dnc to steam. 

Water gages and cocks may be left o[)en imtil the water 
reaches their levels. 

Let us now a.ssume that the boiler has Ix^en thoroughly 
inspected and everything is in good working order. The Ixjiler 
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may be filled by opening the bottom blow-oflE valv^ and the sea 
valve. It may be filled through the top manhole by means of a 
hose from the shore or by pumping fresh or distilled water trom 
the ship's tanks. Boilers should be filled with warm water if possible. 

While the water is rising in the boiler, serious leaks may be 
detected by placing lamps in the combustion chamber and by 
opening the front connection doors. 

The furnaces may be charged when the water has reached the 
proper height. On account of the expansion of water when heated, 
the filling is stopped with the level a little below steanung point. 

Building the Fire, If there is a fire in an auxiliary oi 
donkey boiler, the fires in tlie boiler under consideration may be 
started by throwing some burning coal from the auxiliaiy into the 
furnace or furnaces of the main boiler. If this cannot be done, a 
tire is kindled in one or more furnaces of the boiler. The back of 
the grate is covered evenly with a thin layer of small coal ; on the 
front of the Ixars some pieces of split wood are laid side by side, 
the front end being supported by a couple of pieces of wood placed 
crosswise. If hard oal is used, the whole of the grate is covered. 
Some kindling, shavings or oily waste is then placed at the furnace 
mouth below the layer of wood. 

When the fire is lighted, the furnace doors are kept slightly 
oi)en and the ash pit dooi-s opened. A few shovelfuls of coal are 
thrown on the wood as soon as it is well started. When the coal 
at the front of the furnace becomes incandescent it is gently 
pushed back and mo;*e coal added. This operation is repeated 
until there is sullicieii*; incandescent ccal on the grate. 

The fij'e is usually built in the lowest furnace so that the 
water at that point will become heated and cause a circulation. 
Some engineei's consider that a l)etter circulation is obtained by 
starting the fire in one of the vring furnaces. 

In case of emergency the fires may be lighted as soon as the 
water covers the heating surfaces ; but this is not good practice 
and should be avoided if possible. This rapid raising of steam is 
injurious to 1)01^1^3 especially if they arc long. Under most cir- 
cunistiiuces tliree hours sli >uld ^be allowed for raising steam and 
more if possible. For a long douMe ended cylindrical boiler six 
bours is the shortest time to be allowed. 
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When b'lilding the fire and while steaming the attention of a 
good fireman is essential. 

Stoking^. 2\ complete knowledge of stoking can be obtained 
only from experieiice. It is easy to throw coal on a fire even if 
the ioors are small ; but to place coal just where it ought to be 
placed when the doors are four feet above the floor and the ship 
is rolling is not an easy matter. 

Certain varieties of coal, (anthracites) should not be disturbed 
after being placed on the fire, hence it is essential, with this coal, that 
the firemen should place it accurately ; the fire should be sliced 
frequently. When the soft coal cakes, the fire must be broken up 
from time to time so that air can pass through the bed of coal. 

The fires must be watched carefully ; especially at the sides. 
Air has a great tendency to rush up between the plates of the 
furnace and the grate. Also air finds little resistance at 
thin places. All hollow places must l>e filled and the sides kept 
heavy or a damaging excess of air will rush with great violence 
into the combustion chamber. This rush of air is called back draft. 
To check this draft, open the furnace doors slightly and close the 
ash -pit doora. To prevent the back draft the bed should be carried 
thicker and leveled frequently. If the hollows are more than filled 
the large amount of cold fuel will retaid combustion at those places. 

A good fire is slightly hollow in the center and has a nearly 
level appearance. Continual care is necessary. All fires con- 
nected with the same funnel must be kept equally thick or the 
thin ones will burn aw^y fastest. 

Coal should be placed on the fire frequently in small quanti* 
ties. With forced draft, of the closed stokehold system, speed in 
firing is of the utmost importance ; if the dooi-s are kept open too 
long the inrush of cold air is I)oth dangerous and uneconomical. 

Thickness of Fire. The necessarv thickness of the bed of 
fuel on the grate depends upon the kind, quality and size of the 
fuel, upon the draft and upon the frequency of firing. The thin- 
ner the fire the more rapid the rate of combustion. If the fires 
ai*e kept thick, .less cold air entei-s, as the doors are opened less 
frequently ; but large volumes of hydrocarbons are produced wliich 
are often at such a low temperuture that they pass uiiconsumed up 
the chimney and are wasted. 
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With ordinary chimney draft, anthracite coal of egg size 
may he carried 5 to 8 inches thick. With smaller coal the bed 
limy be thinner. If less than 4 inches thick it is diflBcuU to keep 
tlie grates well covered especially If of large area. With free 
btirning bituminons coal and natural draft, the thickness of the 
bed may be 6 to 8 inches. The thickness of the bed with 
mechanical draft should be much greater, the thickness depending 
Upon the intensity of the draft. Bituminous coal should be fired 
more frequently than anthracite on account of the hydro-carbons. 

When the fires throw a uniform bright light below the grate, 
it indicates a clear active fire. When the ash pits are dark, either 
uniformly or in spots, it indicates an accumulation of ashes or 
clinker on the grates. In such cases the hook bar or prick l)ar is 
run through the spaces between the grate bare from beneath and 
the ashes removed. If it is difficult to move the liook bar, it is 
an indication that the fire needs "slicing." That is, the clinker is 
to he removed by inserting the slice bar Ijetweeu the fuel and the 
grate. The edges and corners are likely to Ix^come clogged with 
ashes and cinders unless cleaned frequently. When the accumu- 
hiticm of ashes, cinders and clinker become so great that they 
cannot be removed by pricking and slicing, the gmte must be 
cleaned. 

Cleaning the fire is a necessary operation although it is 
injurious to the combustion chamber plates and tube sheets. This 
is due to the entrance of cold air while the door is open and the 
grate l)are. It should bo done at regular, intervals and at least 
once in every twelve houi-s. 

Cleaning the Fife. Ileffu-c cleaning tlie fire, it should be 
allowed to burn low so that it will not be too heavy. It should 
not, however, be too light, or there will not be chaff enough left 
to start the fire again. The steam should be up to full pressure 
and there should be plenty of Water in tlie boiler so that the feed 
can be partially shut off. The draft should be nearly closed 
during cleaniug. 

With soft coal the fire is more easily cleaned than with hard 
coal. To clean the fire, ih(» fireman shoves back the incandescent 
C(»al leaving the clinker and ashes on the front of the grate bars* 
The clinker is hauled out and the fire biuu^ht to the front on the 
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olean bars. The ashes are then worked through the grate bars at 
the back and the cUnkei* hauled out over -the fire to the floof 
plates. The clean incandescent coal is then quickly spread all 
over the grate and covered with a thin layer of green eoal. 

Cleaning the fire requires skill and care as it often happens 
that the fire goes out because there is not enough coal with which 
to start up again. 

Sonie firemen prefer to clean one side at a time. One hall 
is allowed to burn down and the ashes and clinker removed ; the 
cleiiu liars are then covered with green coal Avhich ignites from the 
heat of the other half. After ft time the other side is cleaned by 
the same method* 

Anotlu^r plan, used with coking coal, is to draw the clinker 
forward Willi the rake or hoe a little Ijetween each firing and throw 
green coal on the bare spots. Clinker should be removed before 
it gets cold or it will be difficult to detach it from the bars. 

For hard coal the cleaning is more diffit^ult and requires 
practice. Fire small quantities of coal frecpiently until the jiroper 
depth of fire is maintained. Tiien the slice bar may be run 
l)et\veen the coal and the fuel to shake the ashes out. ISever dis- 
turb a hard coal flr(», that is, never break it up aA witli a soft coal 
fire. With hard and keep the fire as level as possible and fire 
more heavily at the sides. 

Smokg Cotisumption. In *' Boiler Accessories" the various 
methods of firing to consume smoke were discussed. In the marine 
boiler, thei-e are Usually three or four furnaces ; these are fired in 
turn, so that the snu)ke may be consmned if there is a common 
combustion chand)er, and the formation of steatu nuiy Ije more 
constiint. With hard coal there is little smoke. 

When soft coal is heated great volumes of volatile gases are 
liberated which must be burned. Soft coal is usually fired at the 
front of the furnace wliere the heat drives off the hydrocarbons 
which are consumed whih* passing over the incandescent coal. 
The coke is then shoved back. A new supply of fresh coal is 
next placed at the front of tlio grate. Tlds plan allows the use of 
very long grates, biit it has the disadvantage that all the ashes and 
clinker collect at the back of the grates nhero it is hard to remove 
them. 
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Banking: the Fire. It frequently happens that the steam 
supply is to be terapomrily dimiiiislied or perhaps stopped entirely 
for a short time. In sucli cases the fire.5 sliould be banked but 
not hauled. . Before banking a fire it should be cleaned so that 
there will be a clean fire when it is started again. 

Banking the fire means pulling tlie coal together in a heap at 
some portion of the grate ; combustion being thus retarded. . 

There are two kinds of banked fires, " heavy " and " light.*' 
In case it is desired to keep the steam near working pressure and be 
ready to stiirt in about a half hour the fires are banked heavy. 
The fire is cleaned, the coal gathered together in a pile and covered 
with green coal until the lieap' covei-s about one-half the gmte 
bars. When this fire is started the heap is spread over the whole 
grate and as there is considerable coal in the pile there will be 
a normal steaming fire. In this case*, the bare grate bare ai'e 
usually covered with ashes to keep tlie cold air out of the combus- 
tion chamber. 

With the front of the grate covered with ashes and the fii-e 
banked heavy everything may be closed and all cold air kept out. 
The steam made while the fire is banked can be used by running 
dynamos, distillers, etc., or it may be taken care of by the auxiliary 
condenser. 

In case the fire is to remain banked for a considerable tiAie 
and the pressure is allowed to drop the fires may be bfinked light. 
That is, the amount of coal used is much less, coveii ng only about 
one-third the grate or just enough to start the lire. 

There is a difference in opinion as to whether the fire should 
be banked in front or at the back. It is more generally bsinked 
at the back. 

When the engines are stopped suddenly, but the boilei*s are 
kept ready to start again shortly, the excess of steam goes to the 
condenser by opening the bleeder valve in the main steam pipe. 

Cleaning: Boilers. Soon after the fires are hauled the boilers 
should be cleaned. The tubes should be swept, beginning with 
the top row. While doing this all doors except those of the front 
connection should be closed, so that the dust will go up the funnel 
aiul Jiot into the lire-room. Tube brushes sliould Ik) made of 
material stiff enough to detach the hard scale which sometimes 
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adlieres to the tubes*. They should lit the tubes snugly. Tube 
scrapei-s are usually made of strips of steel arranged spii-ally* 

After cleaning the tubes, the soot and ashes should be removed 
from the smoke box and combustion chamber. Scrape the scale 
from the plates and sweep them off with a stiff broom. The 
furnaces, ashpits and grate and bearing bars should then be cleaned 
of all 8oot« ashes, and scale. 

All nttings, such as check valves, water glass, safety-valve, 
salinometer-pot, etc., should be kept clean and the coiuiections 
clear. 

The scale should be detached as soon as the boiler is cool 
enough to enter, because usually it can be detached more easily 
when damp. If the scale is very thin it should not be removed as 
it protects the iron or steel from corrosion. As it grows thicker, 
it prevents the tmnsmission of heat, causes the boiler to have a 
lower efficiency, and is likely to cause overheating. 

The methods of removing scale are numerous; those which 
ai'e likely to damage the boiler should never be followed. It is 
much better to prevent the formation of scale than to be obliged 
to remove it after having become thick and hard. 

After the scale has been removed, all the mud and rust 
slu)uld be scraped from the shell, the loose scale knocked from the 
stiiys and the boiler washed out. A strong stream of water from 
a force pump will often clean poi-tions of the boiler which are 
inaccessible. After washing the boiler, the drying out may be 
hastened by placing trays of burning chai-coal in the furnaces. 

It is very important that the boiler be kopt free from all fatty 
acids and oils. If the boiler is not cleaned frequently, oil will 
lodge on the stays, tubes, furmice crowns, toi)s of combusti(m 
chiinibei'S and on the shell. Oil is dangeious as it causes over- 
heating. 

Repairs. All boilers, no matter how well designed, con- 
structed and managed need repaii's from time to time. If the 
repairs are not made promptly and with the best materials and 
workmanship, the entire boiler will need to be rei)laced. The 
repaira needed are of great variety and the melhods of prcK*,edure 
for similar ciuscs differ greatly. 

Replacing Fire Bars. In case the whole gmte or a lai'ge 
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imniber of fire bans drop into the ashpit or are badly burned the 
whole grate must be replaced after the furnace has been cleared 
out. But if only one or t^vo bars have dropped out they may be 
replaced without drawing the fire. Some firemen are skillful 
enough to throw them in place, but a better plan, especially for 
those at the back of the grate, is to fasten tlie grate bar to the 
slicer with yarn and place it in position ; the yarn soon burns 
away and the slicer can be withdrawn. 

5«amA and Rivets. All leaky seams and rivets should be 
calked while the boiler is empty ; if a rivet continues to leak after 
calking, itshould be cut 
out and a new rivet put 
in. The same applies 
to rivets which have, f^^f^^^f^^^^ 
through corrosion or 
wear, become so small 
that their holding pow- 
er is greatly impaired. 
Sometimes bolts are 
used in jJace of rivets 
when the Ixnler is so old 
that the jar caused by 
riveting is likely to 
cause new leaks. When 
bolts are used they may 
be made tight by Wash- 
el's or by meansof lamp wicking mixed orcoated with white or red lead. 

Furnaces that have come down slightly may be repaired by 
means of dogs that are similar to the crown bai-s on the tops of 
combustion chambers. The furnace plate is tapped at the center 
of the bulge and a dog placed lengthwise along the top tus shown 
in Fig. 58. Sometimes it is necessary to place the dog circum- 
ferentially ; but when so placed it has a greater tendency to slip. 
When the furnace comes down nearly the whole length it is held 
up by a series of dogs or by placing several hoops of T iron around 
it. Corrugated furnaces very seldom conu; down. 

A furnace that has come down slightly may be restored to 
its original shape. The distorted portion Js heated to a dull red 
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tind then forced to tlie oiigiiuil H]iai)e hy means of l)locks of wood, 
a snrew jack and a pieco of iron of tli« slia[)e r)f the funuioe. If 
this iron is heated it sliould be kept in phico until lK)th the furn»'U*e 
and the iron are cold ; this process anneals the furnace pUitc. In 
case of collapse tjie entire furnace nmsthe taken out and rci)larcd. 
Tills is not a difficult job if the end plate and the combustion 
chamber plates are flanged to the furnace* 

Circumfervntiai Seams often need 3lig]it repaira on account 
of leaks. Tliese repairs should be made a^ soon as possible as 
leaks mpidly increase. They are easily discovered because of the 
lumps of salt tliat collect at those places. If the boiler is lagged, 
soft spots in the lagging indicate leaks ; if the leaks are not looked 
after promptly they will cause the shell to become weak. Usually 
these seams can lie made tight by calking ; but when the leak is too 
great for this method it is stopped by bolting a light iron cover 
jlate over the seam as shown in Fig. 54. The space between the 
boiler and the cover is often filled with cement. 




Fig. 64. 

Shell Plates are patched by a soft patcli or by a hard i)atch. 
A soft patch is made by securing a piece of plate over the defec- 
tive portion of the boiler shell by means of patch bolts or studs. 
The joint is made tight by a mixture of white lead, oil, dry red 
lead and iron borings or filings. Soft patches must always be 
placed on the inside so that the action that caused the weakness 
in the original plate may come on the patch' ; also so that the pres- 
sure will not have a tendency to blow off the patch. A blistered 
plate in the furnace should be patched on the outaidn. 

Soft patches are used when the hoiler is old and weak ; they 
should never he applied to a surface in contact with fire or hot 
gases except as a temporai-y expedient to stop a bad leak. A hard 
patch is one that is formed by riveting, or fastening by patch bolts, 
a piece of plate to the shell and making the joint tight by calking. 
The defective part of the plate should be cut away and the patch 
made large enough to rivet and calk. Hard patches should 
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iilwa3'8 be i)l;uieil on tl»e outside ilinn-tly over tlie defective part 
and should be made of plate of alx>iit the sjime qnality and thick- 
nesM as the Ixiiler shell. ^ 

Wiien a patch ia to cover a curved or uneven surface, a tem- 
plate sliould be made by hammering a piece of sheet lead into 
place. The piece for the patch can then be heated after drilling 
and made of llie required shape. 

A short ci-ack can be stopped by drilling at each end and 
several intemiediate points; these holes are countersunk and rivets 
placed in them. The rivet heads ahonld be well spread hy ham- 
mering. For a long crack, the phite should be cut away and a 
hard patch put on. 



Fig. SS. Elg. 58. 

Screw Stays are often replaced both on account of the wast- 
ing of the stay and because of the wasting and bulging of the 
plates forming the water-leg. If the plates are thin the stays are 
likely to leak, especially if riveted over. Instead of renewing the 
stiiy bolt and placing a patch on the plate as shown in Fig. 55, 
the stay is sometimes left in place and a patch put on as shown 
in Fig. 56. The hitter method sliouId never be employed. 

When the plates remain uninjured and the stay has wasted, 
a lai^er stay may be inserted. 

Tubes often leak at the ends; if the leaks are due to the 
tubes they may be plugged temporarily by driving a pine wood 
plug into the end. Tliese plugs should fit snugly and have a 
slight taper. When llie leak is in the tube somewhere between 
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the end plate and -the back tube slieet it is stopped by driving a 
plug into the tube until tlie plug covere the crack. The plug will 
swell and salt up in a few minutes so that the leak will be tightly 
stopped. If the tube plate bulges, more of the ordinary tubes 
should be used as stay tubes or rods may be used in place of some 
of the tubes. 

■When the water-legs and bottoms of old boilera are badly 
worn out and cannot be made tiglit by calking and patching, they 
may be filled with cement. The cement is made thin and run in 
through the manholes. The surface of the cement filling should 
not be iis high as the fire bars and .the extremities of 1;he feed and 
blow pipes must be kept clear. 

WATER TUBE BOILERS. 

For many 3 ears the cylindrical l)oiler hsis been almost the only 
type used in niJirine work. It has for that reason attained a high 
state of perfection. At various times engineei-s have tried to 
introduce water-titbe boilers in place of tlie cylindrical, but on 
account of poor design, faulty construction or bad management 
the experiments have not been entirely successful. At the present 
time, however, an increase of speed is demanded, and as a conse- 
quence higher pressures and lighter machinery are necessary. 
With this increase of pressure comes increase of weight, cost and 
damage in case of explosion. Engineers see that the cylindrical 
boiler must give way to a steam generator which is lighter, 
stronger and safer. 

A water-tube boiler, if well designed and well constructed, 
seems to fulfill the requirements. Although the cylindrical boiler 
is serviceable, efficient, and can be made to stand any reasonable 
pressure, yet the water-tube boiler possesses many advantages over 
it. When the same care and skill have been used to perfect the 
water-tube boiler that have been used on the cylindrical, it ought 
to be as efficient and reliable. 

The principal objections to the cylindrical boiler are the great 
weight, thick plates, difficulty of moving in and out of the vessel 
and the small furnace space. This last disadvantage has already 
been discussed. Also, when the boiler is under forced draft, the time 
allowed foi the products of combustion to give up their heat is short 
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Anions tlie tidvantagOH (»f tluK lioilcM- may Im mentioned 
economy, and stendiness in supplying dry steam. It is also far 
l)etter Buitod for salt watcu- than ia the watGr-tid)e boiler ])ut this 
is not a great advantage at the present time. 

Wat>er-tul)e boileni are built in a great variety of designs. 
They may be divided into different classes, as straight tul)« and 
curved tube; or the drowned tube (that is, those having the upper 
ends submerged) and those having the upper ends opening into the 
steam space. Also, there is another division \ those having a 
steam drum and those having none. 

For convenience let us divide them into two classes, straight 
and curved tube. In the first class we may jdace among otheiv, 
the Almy, Belleville, Ihdxjock and Wilcox, Heine, Yarrow, 
U'Allest and Niclausse. A few of those having curved tubes are 
the Thornycroft, Normand, Moslu*r and Ward. 

The straight tube boilers are etusy to clean but are not 
as flexible and tlierefore steam cannot be raised in them as 
quickly. 

Tlie various water-tul)e boilers differ in detail but in the main 
they are similar. Of those used in ijiarine work, the Almy, Belle- 
ville, Babcock and Wilcox, Yarrow, Tliornycroft and Heine are 
described in *' Types of Boilei-s.'* Some are better than others for 
certain conditions and as to what l)oiler is the best is a matter of 
opinion. Among the conditions which it is desii-able to satisfy 
are the following : 

1, LiglitnesB of structure as compared with the cylindrical 
boiler. 

2, Simplicity of form and construction. 
8» Rapidity of raising steam. 

4. Small quantity of water contained. 

5. Great strength in proportion to the working'^pi^essiire^ 

6. Ca[)ability of furnishing dry steam at high [iressure. 
The grate area in determined in a similar manner to that 

used in designing cylindrical boilers ; but for most types the area 
must be greater so that the heat may be distributed evenly over 
the surface of the tubes. It is not well to have the heat too 
intense near any of the tubes. The construction of most 
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water-tube boilers allows plenty of space above the fire both for 
complete combustion and for the distribution of heat. 

The tubes should be made of solid drawn steel of the best 
quality. Copper is not a good material on accoun}; of its weak- 
ness at high temperatures. They are from 1| to 3 inches in 
diameter except in small light boilers where they are about 1 inch. 

The circulating: tubes or down comers are usually 3 to 6 
inches in diameter. They should not be exposed to heat unless 
the flow is constant. 

The stays in these boilers are not as numerous as in the 
cylindrical. The tubes, when in good condition, may be depended 
upon to hold the parts together, but in case the boiler is cooled 
suddenly they become unreliable. If the tubes are straight some 
of them may be fitted as stay tubes. 

The size of the steam drum depends upon the amount of 
steam generated by the boiler. In order to make it as small and 
as light as possible, the boilers are sometimes worked at high 
pressure and the pressure maintained constant at the engine by 
means of a reducing valve. 

The water-tube boilers having the upper ends of the tubes 
opening into the steam space have dash plates and internal steam 
pipes which sepamte the water and steam. 

The various water-tube boilers have the following advantages 
over the cylindrical boiler : 

1. Lighter (weight usually about J that of the cylindrical). 

2. First cost less on account of less material used. 
8. Less danger of damage in ciise of explosion. 

4. Large gi-ate area and larger volume for combustion- 

6. Greater rapidity in raising steam. 

6. More easily placed aboard or removed. 

7. Can be forced harder. 

The last three conditions are of great importance in the navy. 
As to the relative economy there is much difference of opinion as 
the conditions vary considerably. In general the economy is 
about equal in both types. 

The ease of making 'repairs depends upon the type of boiler. 
The sectional type can usually be repaired more readily than others. 
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These boilers have several disadvantages among which may 
be mentioned the following : 

1 . Tendency to prime. 

2. Difficulty of feeding. 

3. Sensitiveness to corrosion and dirt. 

4. Difficulty of repairing tubes. 

These defects are reduced to a ijiinimum if the boiler is of 
good design, well managed and constructed of best material. 

Launch Boilers. The boilers used in torpedo boats, yachts 
and launches should be safe, light, compact and economical. Also 
they should be capable of supplying di-y steam at high pressui'es. 
Small vertical fire-tube boilers are sometimes used but the water- 
tube boiler is better adapted to this work. The water-tube 
boilers already described are built in small sizes and generally give 
satisfaction. Perhaps the most used boilere for fast launches, 
yachts and small vessels are the Ward and Mosher. These boilers 
aie similar in general principles to most marine water-tube boilers 
but are made small, light and compact. 
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The propulsion of ships by means of steam has been a sub- 
ject of much interest and experiment during the last hundred 
years. The marine engine was at first a crude piece of machinery 
very bulky and wasteful of steam ; but through the perseverance 
and skill of engineers, the marine engine of to-day is finely finished, 
compact, powerful and economical. 

As in stationary and locomotive engines, the marine engine 
must fulfil certain requirements, and in order that it may do so 
the engineer must overcome certain obstacles and restrictions. 

The first object of a marine engine is to propel the vessel 
through water at the required speed. It must also be so designed 
and constructed as to be readily reversed. In order to be com- 
mercially successful the engine and propelling apparatus must be 
suited both to the ship itself and to the required service. 

Almost all vessels propelled by steam obtain their motion by 
the projection of a mass of water in the direction opposite to that 
of the vessel; the exceptions being so few and unimportant as to 
require no discussion. The water is usually projected in one of 
three ways: 

1. By one or more wheels called screw propellers at the 
stern of the ship. 

2. By one or more (usually two) paddle wheels outside of 
the boat. 

3. By some device (usually a pump) which causes the water 
to issue in jets from orifices in the stern of the ship. This is 
called hydraulic propulsion. 

The oldest of these three forms, is the paddle wheel and al- 
though the screw pro|)eller is far better for sea-going ships, the 
{)addle wheel is still used for certain kinds of service. Jet ])ro- 
])ulsion has not yet become common; the principal reason being 
the space used for the machinery and the large openings required 
in the sides of the ship. 
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The screw propeller is the most common means of propulsion 
and as it seems to be well adapted for the work, this type of 
machinery is worthy of the most attention. 

About the beginning of the nineteenth century, many scienti- 
fic men and mechanics turned their attention to the application of 
steam to navigation. They met with partial success but in almost 
every case the project was abandoned after the first unsuccessful 
trial. 

Among these experimenters was an American named Robert 

Fulton. He was not the firat to 
propel a boat by means of steam 
but he was the first to make 
steam navigation a success. Un- 
like those who abandoned their 
work after one or two unsuccess- 
ful trials he had peraerverance 
enough to continue until his 
efforts were successful. In 
1803, while in Paris, he con- 
structed a small steamboat the 
trial trip being made on the 
Seine. The experiment was so 
successful that he had an engine 
built in England and then re- 
turned to America. In the 
spring of 1807 the "Clermont" was launched and the English 
engine put aboard in August. This boat was 133 feet long, 18 
feet beam and 7 feet in breadth. The " Clermont " made a trip 
from New York to Albany (about 150 miles) in 32 hours and 
returned in 30 hours. The sails were not used on either occasion. 
This was the fii-st successful long trip ever made by a steamboat. 
The engine of the " Clermont " was coupled to the crank 
shaft by a bell crank and the paddle wheels were connected to the 
crank shaft by gearing. The cylinders were 24 inches in diameter 
and of 4 feet stroke. 

Fulton afterward built several steamers the largest one 
measuring 2,475 tons. This vessel was built for the United States 
Navy and was a very large steamer for that period. 




Fig. 1. 
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While Robert Fulton was building steamers with success, 
Stevens of Hoboken built a steamboat which showed great merit. 
He used a horizontal sectional water-tube boiler with a working 
pressure of over 50 pounds per square inch. The usual pressures 
of the time were 5 to 7 pounds. His engine was direct-acting, 
high pressure and of the condensing type. The most remarkable 
feature was the use of a screw propeller of four blades. 

In Stevens' second boat, the engines were of the same type 
AS before, but twin / 

screws were used instead 
of the single screw. 
Although the screw pro- 
peller was introduced as 
early as 1804, it was 
practically given up, and 
for about thirty years 
the paddle wheel was 
the principal means of 
propulsion. 

As the beam 
engine of Savery and 
Watt was the first to 
become successful, natu- 




Fig. 2. 



rally some form of this type was the first to become common 
for paddle wheels. In the beam engine shown in Fig. 1, the 
motion passes from the piston-rod to a crosshead, and then is 
transmitted by a rod or link to one end of the beam ; from the 
other end of the beam it is transmitted to the crank pin and shaft 
by means of the connecting-rod. These engines are well suited 
for side-wheel paddle steamers and have been used on river 
and harbor boats for many years. A modification of the beam 
engine is the side-lever engine shown in Fig. 2. This type was 
made in two forms, the true side-lever as shown in Fig. 2 and the 
"Grasshopper" engine. The latter differed from the former in 
that the lever was fulcrumed at the end instead of in the center. 
This engine possessed several advantages ; a long stroke in a shal- 
low ship, simplicity and consequently low first cost and little care. 
The main objections were its weight and bulk. 
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The oscillating engine, much used in England, was well 
adapted for paddle wheels. It in shown in Fig. 3. The cylinders 
are located below the shaft and are swung on trunnions. The 
piston-rod being connected directly to the crank shaft, makes 
fewer parts possible, as there are no guides, crosshead nor connect- 
ing-rod. Compactness and simplicity are among the advantages; 

^_-_ the disadvantages being the 

diflSculty in obtaining early 
cut-off and liability of the 
trunnions to leak. This type 
of engine could be used in 
an inclined position, but it 
worked best when vertical, 
that is, the piston-rod vertical 
when the piston is at the end 
of the stroke. These were 
the principal forms of early 
vertical engines. 

Another type is the 
diagonal or inclined engine. 
This engine, shown in Fig. 4, 
is simply a horizontal engine 
set in an inclined position, 
to suit the height of the shaft 
at one end, and the frames 
of the ship at the other. It 
takes up a large amount of 
space in the fore and aft direc- 
tion, but is very convenient 
when space is not one of the 
objects of design. 
Of the other types of horizontal engines, Penn's trunk engine, 
shown in Fig. 5, has one striking peculiarity. It has no piston- 
rod ; the connecting-rod hinges on a pin or gudgeon in the center 
of the piston. Inside of the cylinder and concentric with it is a 
cylindrical ease or trunk which is attached to the piston and passes 
through stuffing boxes in both ends of the cylinder. This trunk 
serves as a support for the piston and makes an equal area on both 




Fig. 3 
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sides of the piston exposed to steam. This engine is light and com- 
pact, and for low steam pressures, is economical. However, if 
the pressure is high, the friction of the large stuffing boxes is 
great ; if the glands must be made very tight, the engine may be 
stopped. Again the loss of heat from the alternate heating and 
cooling of the large surface of the trunk is considerable. 

The return connecting-rod engine, Fig. 6, is another form 
of the horizontal type. In this engine the connecting-rod is on 
the opposite side of the crank shaft from the cylinder. There are 
two piston-rods, one above the shaft on one side of the crank, and 
the ocher below on the other side. The piston-rods are fastened 




Fig. 4 



to a crosshead at the center of which is coupled the connecting- 
rod. This type of engine has some advantages and many disad- 
vantages. It can have a long stroke since the cylinder may be 
near the shaft. It is not adapted for compounding as the cylin- 
ders cannot be made of the proper ratio without difficulty. The 
double number of stuffing boxes and other parts, together with the 
short eccentric-rod, make this engine undesirable. 

The forms of engines already descril)ed were the results of 
early attempts to solve the problem of steam navigation. Whe^i, 
al>out the year 1840, the screw propeller began to gain favor, 
many experiments were made to determine the best type of engine. 
With the rapidly-revolving screw, in place of the slow paddle 
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wheel, and the change in location of the shaft, a new type of 
engine was necessary. A change was made from the long stroke, 
heavy, lownspeed engines to the small, light, high-speed type. 
This change was not made at once, but occurred slowly and with 
many blundera. During this time two other important changes 
took place. The increase of steam pressure from 10 or 15 pounds 




Fig. 6. 



to 60 or 60, and the change from the jet condenser to the surface 
condenser. This latter change was of great advantage because it 
allowed the use of higher steam pressures which before were dan- 
gerous on account of scale. 

With tlip higher steam pressure was produced still another 




Fig. 6. 



important advance. It became known among engineers that one 
of the greatest causes of loss in the engine cylinder was the initial 
condensation of steam necessary to raise the temperature of the 
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cylinder walls. The gi-eat expansion desirable made the cylinder 

walls of low temperature at exhaust. This loss was prevented to 

a great extent by dividing the expansion among several cylinders. 

These changes, higher steam pressures, surface condensers. 




Fig. 7. 



and multi-expansion engines completely revolutionized the marine 
engine. Although there are a few beam engines now in use and 
some of the older types of horizontal engines are occasionally 
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seen, the modem sea-going steamer is fitted with high pressure, 
multi-cylinder engines fitted with sui-face condensers and either 
cylindrical tubular boQera or water-tube boilei'S. These engines 
are direct-acting, vertical and of high piston speed. 

The fii'st screw engines were horizontal, working with a steam 
pressure of 20 to 25 pounds per square inch. The vertical type 
soon took the place of the horizontal because of the difficulty of 
fitting horizontal engines in ships. 

A vertical engine for a launch is shown in Fig. 7. This 
engine has the same parts as the horizontal engine; piston, piston- 
rod, connecting-rod and crank. The chief diflference is the frame. 
The cylinder is supported by a substantial upright framing which 
consists of a large back frame and a light front column or heavy 
frames as shown in Fig. 7 shaped like the letter A. Tlie engines 
may have two guides as shown or but one guide. The positions 
of the links and eccentrics are changed by means of a lever but in 
large engines the link is shifted by means of a small steam engine 
or by worm gear and levers. 

Fig. 8 shows' the section of a triple expansion engine. The 
high pressure cylinder and intermediate cylinder are fitted with 
piston valves and the low pressure with a double ported slide 
valve. The pistons are of cast steel. The three cranks on the 
hollow steel shaft are placed 120^ apart. 

MULTI CYLINDER ENGINES. 

The engines now used for marine work are compound, triple 
expansion and quadruple expansion, the triple expansion being 
the most common. 

The advantages of the multi-expansion engine are briefly: 
The decreased loss due to cylinder condensation, the more even 
turning moment on the shaft and the reductio^i of pressure on the 
piston and consequent reduction of weight, friction, etc. 

COilPOUND ENGINES. 

The cylinders of compound engines are generally arranged 
in one of the three ways shown in Fig. 9. The tandem or steeple 
arrangement is shown at A ; in this type both pistons are on the 
same piston rod and consequently there is but one crosshead and 
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only one crank. The steeple engine is not expensive on account 
of the few parts, but as there is only one crank the turning moment 
is the same as with the single cylinder engine. In A the arro^ws 
show the direction of the steam. 

At B, the cross compound arrangement is shown. This type 
is often called a lore and aft compound. There are two cranks 
which are placed at right angles to each other. For this reason a 
receiver is necessary. The advantages of this type are the reduc- 
tion of pressure on a piston and the more even turning moments ; 
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Fig. 9. 




however, these engines having more parts are more expensive and 
they require more floor space than the tandem. Steam enters the 
high pressure cylinder and after pushing the piston through a 
stroke is exhausted into the receiver from which it enters the low 
pressure cylinder, is further expanded and then goes to tlie 
condenser. 

The third arrangement C, called the three cylinder com- 
pound, consists of one high pressure cylinder and two low pressure 
cylinders. The high pressure cylinder is sometimes placed be- 
tween the two low pressures. The cranks are usually set 120° 
apart and cause a more even turning movement than either of the 
compound arrangements shown at A or B. If a compound engine 
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is to develop a large power the volume of the low pressure must 
be considerable; by dividing it, each cylinder may be made 
smaller and therefore more easily manufactured. 

The receiver of a compound engine is the space between the 
high pressure piston when at the end of the stroke and the back of 
the low pressure valve and includes the ports of the high pressure 
cylinder and the pipe which leads from the high to the low. 
Formerly large reservoirs were fitted as receivers but it is now the 
custom to make the pipes between the cylinders largeas experience 

A B 
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Pig. 10. 



has shown the volume to be sufficient. The capacity of the 
receiver does not effect the total power of the engine but the 
eflFect of the size is shown on the back pressure line of the high 
pressuie diagram and the admission line of the low pressure. As 
the volume of the receiver is increased the back pressure line of 
the high becomes more nearly straight and the admission line of 
the low more nearly parallel to the atmospheric line. 

Triple expansion engines have two receivers called the first 
receiver and the second receiver. The same principles apply to 
the receivers of triple expansion engines as to compound engines. 

TRIPLE EXPANSION ENGINES. 

The triple expansion engine having three or more cylinders 
may have many dififerent arrangements according to the fancy of 
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the designer and the space ia the ship. The three crank engine 
is the most common. The arrangement at A, Fig. 10 shows the 
natural sequence. It is the most used type; the steam going 
directly from one cylinder to another with a minimum amount of 
piping. The arrangement shown at B is similar to that of A but 
requires more piping. Sometimes the high pressure cylinder is 
placed in tlie middle. In the three crank engines the cranks exert 
an even turning movement on the shaft as they are usually placed 
at 120° apart. 

Triple expansion engines may have but two cranks. A corn- 





Fig. 11. 

mon arrangement of this type is shown at A, Fig. 11. The 
cmnks are placed at right angles to each other which does not 
permit of an even turning movement, especially as it is difficult 
to divide the power equally between the two cranks. It has the 
advantage of expanding the steam in three stages and is an easy 
way to make a steeple compound into a triple expansion. By 
using two higli pressure cylinders, one over the low and one over 
the intermediate, this form is much improved. 

An arrangement for very large triple expansion engines is 
shown at B, Fig. 11. In this case there are three low pressure 
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cylinders and two intermediate. The large volume of the low 
pressure is thus divided among tliree of moderate size. Triph* 
expansion engines are seldom made in very large sizes as twin 
screws are often used and in some cases each shaft has two separate 
engines. Thus in the U. S. S. ''New York" there are four 
separate triple expansion engines, two for each screw. 

QUADRUPLE EXPANSION ENGINES. 

The quadruple expansion engine is a further development of 
the compound engine. Tlie advantage gained by expanding the 
steam in four stages is slight unless the boiler pressure is at least 
200 pounds per square inch. Even at tliis pressure the triple 




expansion engine is almost as economical and the increased first 
(^ost of a quadruple expansion engine often equals the slight gain 
in economy. The many cylinders of the quadruple expansion 
engine make it possible to use many combinations. An arrange- 
ment for a four cylinder quadru2)le expansion engine is shown in 
Fig. 12. The crt.nks are placed 90° apart. The four cranks are 
an advantage as far as turning moment is concerned, but the floor 
space occupied is considerable. The quadruple expansion engine 
can have two ci-anks ; this plan, however, is not generally con- 
sidered as good as the three crank triple, except in the floor s[)ace 
saved. 
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As the water-tube boiler is becorai ng more and more conmion, 
very high pressures can be carried with but slight risk. This 
increase of pressure will j)robably cause the quadruple expansion 
engine to take tlie place of tlie triple expansion in the same Wtay 
that tlie triple expansion has taken the place of the compound. 

m 

NAUTICAL TERHS. 

The plan of a vessel is represented in Fig. 13. The forward 
or front part is called the bow ; the extremity A is called the 
stem. The rear end of the vessel is called the stern. If an 
object is near the bow it is said to be forward ; if near the 
center C it is amidship and if near the stem it is aft. An 
object pliiced so tliat its direction is parallel to the line A B is 
said to be placed fore and aft. Thus, if a coi'npound engine is so 
placed that the crank shaft lies along tlie line A B it is called a 



STARBOARD 




fore and aft compound engine. If, however, an object is so placed 
that its direction is at right angles to A B or is pamllel to E F it 
is placed athwartship. To one stjinding on the deck and facing 
the bow, the starboard side is on his right and the larboard or 
port side is on his left. 

The width of a vessel E F is its beam and the perpendicular 
distance from the lowest part of the vessel l)elow the water line 
to the surface of the water is called the draug^ht. The length 
9f ^ vessel may be measured on the water line, between perpen- 
diculars or over all. The beam, draught and length are expressed 
in feet and inches. The displacement of a vessel is equal to 
the weight of water that it displaces and is usually expressed in 
tons of 2,240 i)ounds. The dis[)lacement varies with the draught 
.because the deeper the liull sets in the water the great(»r the 
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amount of water it will displace. To find the displacement in 
tons, divide the number of cubic feet under the water line by 35. 
If the vessel is in fresh water divide by 35.93. 

The speed of a ship is sometimes expressed in miles per hour ; 
the mile containing 5,280 feet. More often, however, it is ex- 
pressed in knots per hour. The knot contains 6,080 feet and is 
equal to about IJ miles. Whether the speed is expressed In 
miles or knots, it is always understood to mean per hour, 

DETAILS. 

The Cylinder. The steam cylinder for a marine engine is 
shown in Figs. 8 and 14. The cylinder consists of three distinct 
parts ; the shell or outer casting, the liner and the cover. 

The shell is the casting which encloses the liner in which the 
piston works. The shell also includes the bottom and the poi'ts 
or passages through which steam enters and leaves the cylinder. 
The shell casting is very complicated and for this reason steel is 
seldom used. Cast iron that runs freely is the best material 
This cast iron is suitable for the complicated shape but is not hard 
enough to form the working surface. At the side of the barrel 
tlie casting forms the steam and exhaust ports. If a piston valve 
is used the casting is made of such a shape that the ciicular seats 
may be fitted. If a slide valve is employed the cylinder termhi- 
ates in a flat face, called the cylinder face, upon which the valve 
slides. As the iron of the cylinder shell is too soft for a wearing 
surface a false face of hard, close-grained cast iron is fitted to the 
casting as shown in Fig. 8. The casing which encloses the valve 
is sometimes cast with the shell and has a removable cover or is 
made entirely separate and bolted to the casting. 

The bottom or crank end of the cylinder is usually cast with 
the shell altliough this portion is sometimes made separate like the 
cover. In large cylinders a manhole is placed in the bottom so 
that the inside may be examined without removing the cover and 
j)iston. In the center of the bottom is a circular hole in which 
the stuffing-box is fitted. This hole also facilitates the boring of 
the cylinder. The feet or lugs to which the columns are secured 
are cast on the bottom. 

The cover is fitted to the top or open end of the cylinder. 
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and is usually of steel so tliat it wilt l>6 strong and Ilgbt. 
Sometimea both the cover and hottom are caat hollow, the space 
forming' the steam jacket, but more often it is a single thickneas 
strengtliened by radial jihs. The shape of the cover depends upon 
tlie kind of piston used and upon the arraiigeumnts of the ateaiii 
port-8, 

Thi; liner or working bairel is ii cylinder or hush of hanl, 
close-{fi-ained cast iron or forged steel. It is iisually fastened in 



Fig. 14. 

the cylinder shell by flanging the lower end and fitted with set 
screws or Ixilts as shown in Fig. 15, The top end is left free to 
expand. Tlie joint is kept steam tight so that steam will not pass 
from the jacket to the cylinder. The methods of eonstraction are 
shewn in Figs. 15 and 16. The methods bhown in Fig. 16 employ 
a copper ling secured by set-screws. These methods make a good 
lasting joint and the copj^r allows for expansion. 
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The space between tlie liner and tlie shell fa from | to IJ 
iiutheB. It forms the steam jacket which reiliices cylinder coii- 
deiisiitioii and aids the warming of the cylinder ])revioH8 to Btart- 
ing. In some cases the inner and outer casing have been made in 
one casting, but this causes a very complex casting and mujh 
trouble from unequal expansion. Also the 8ei)amt« liner allows 
the use of a harder iron or steel aa the wearing surface. Another 
advantage of the separate liner is the ease 
with which it can be replaced or re-bored 
when worn. 

Cylinders of large marine engines 
are usually covei-ed with some non-con- 
ducting material tQ prevent loss of heat 
by radiation. If high pi-essure is used 
the lagging must be incomlnistlble, at 
least in the portions which are close to 
the hot surfaces. 

5tufflng>boxes. In order that the 
piston-rod mfiy enter and leave the cylin- 
der without causing leakage, stuffing- 
boxes are fitted to the bottom of the 
cylinder and to the cover when the piston- 
rod is prolonged and passes through it. 
The principal requirement of a stuffing- 
box is that it should allow the rod to 
more freely without leakage. 

Stuffing-boxes vary in detail but the ^'B' ^^■ 

principle Is the same in all. Fig. 17 shows a simple form. A bush 
ft is fitted where the rod passes through the bottom of the cylinder. 
This is usually of brass, gun-metal or babbitt. The gland g is fitted 
to the outer end of the stuffing-box and is adjusted by bolts. The 
space I between the bush and the gland is filled with some kind of 
packing. This is usually in the form of rings which encircle the 
piston-rod. When the gland ff is pushed inward by means of the 
nuts, the packing is spread out laterally and fills the space. The 
fiuther the gland is forced in, the tighter the packing grips the rod. 
The tightness should be adjusted ao that the rod will move with 
little friction but it must 1>e tight enough to prevent leak^e. 
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The. iiiateml used for jjacking de2>eii<1s upon the coii(Utions. 
Witli luw pi-essure Bteam asbestos fibie liaa been used with more 
or loss aucffiiw dt'iieiuliiig upon the conditions. For high pi-eesure 



Fig. 10. 

t>(pit]ii jiiid continuous work, metallic ]);i(;kiiig is a necessity. A 
etufliiig-lOTx fitted with nietidlie packing in shown in Fig. 18. 
The packing i.s in tlic foiiu of rliiga of white niotjil liiiviiiji; a tri- 
angular sirction as shnwii at \V. Each ring is mfide in two 
h'UgUis. Alt^irnatiiig with 
tliese are rings of gun-inetal 
I G also of triangular section. 
1 A rit:g F containing a num- 
ber of spiral springs is fitted 
next to tlie gun-metal hush. 
These springs tend to keep 
the metallic rings in conta(;t 
with tlie rod by means of the 
pressure on the inclined sur- 
faces. The gland Vis screwed 
down to the stuffing-box and 
held in place by nuts on the 
bolts. This gland keeps the 
^.. j.j_ packing rings in place. The 

pressure of the springs takes 
up tht! slight wear. The gland V is recessed to form a space 
for oi-dinary itsI)esto8 packing which prevents the eBCii]>e of any 
steam that niiiy leak jmst the metallic rings. The gland H need 
not l)e sci-cwi-d in very tight. A second recess is formed in the 
gland II for a soft gjiskct to hold oil or water lubricant on the 
rod. 
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Pistons. The piston is a disc wlucli h secured to the end of . 
the piston-rod and on which the steam acts. Pistons were made 
of cast iron but in most modern marine engines they are of east 
steel. Cast steel pistons are made of a single thickness and are 
much lighter than a ca-st iron piston of equal strength. Pig. 19 
shows the general form. The main pitii; or body B is dished to 
Ewcure stiffness. At the circiimfeteuce, which is made quite 
brortd, there h a flange F 
which carries the packing 
ring II, The packing ring 
is made of haru, closc- 
gi-aincd Ciist iron or phos- 
I)hor bronze. It is civst as 
a hoop, is turned to the 
correct diameter and then 
cut at one pstit. It is 
pressed agjiinst the liia-i' 
by tlie springs. The junk 
ring J holds thi' ring and 
springs in place. The ling 
R is carefully fitted and 
scraped to form a steam 
tight bearing witli the sur- 
faces of the junk ring and 

flange.- The junk ring is fj„_ i^ 

secured by bolts which are 

sometimes sei-ewed into gun-motal plugs if. Fig. 20, instead of 
into the piston itself. This construction is advau(f^^eous if the 
ring must be removed frequently. The l>olt heads E are some- 
times prevented from shicking back by tlie light guard ring O 
which bears against the bolt lieads. The guard ring is secured 
by bolts the nuts of which may be secured by split pins. 

In the piston shown in Fig. 19 the picking ring is pressed 
i^ainst the liner by springs of the coach spring pattern. As the 
pi-essure is likely to vary at different [)oints, s[»iral springs aa 
shown in Fig. 21 may bo used, Tliese are sometimes preferred. 
Anol)ier plan is to use a continuous spring which encircles the 
entire piston. 
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SometitHes the packing ring is turned to a greater diameter 
than that of the inside of the liner. A piece is then cut out 
obliquely and the ring compressed to fit the liner. The elasticity of 
the ring tends to keep it against the liner. To prevent steam from 
leaking through the joint a tongue-piece is fitted back of the ring 
as showni in Fig. 19, at T. The tongue T fits into Jthe slot in the 
ring, passes across tlie gap and entera the slot in the other end of 
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F\fr. 19. 

the .ring. The plate D, Fig. 22, in the same piece with the tongue 
T is fitted to the inside of the ring. The tongue piece D is 
fastened to one end of the ring R by screws G, and as it is fastened 
to but one end the other is free to move. 

The piston-rod is usually made of forged steel. The piston 
is secured to the rod by a variety of methods, but the simplest is 
the most common. By this plan a cone of slight taper is formed 
on the rod and a shoulder formed at the large end as shown in 
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Pig. 14. The coned end is carefully fitted to a Bimilar hole in 
tlie boss of the piston and a nut fitted at tiie small end of the 
uone. The nut is used to tighten and liold tire piston on tlie rod. 
Sometimes the shoulder at the base of the cone is omitted as 
shown in Figs, 8 and 19. The nut on the end of tlie pistoii-i-od 
is kept from ^'acking back by the guard ring or other device, 

ROTARV noTroN. 

The marine engine, like the stationary, is a recipi-ocating and 
rotary engine. In other words, the 

steam drives the [liston back and , 

forth in a straight line in the cylinder 
and this motion is converted into 

rotary motion by means of the con- ' 

necting-rod and crank. 

The motion of tlie i-eciprocating 
parts is illnstrated by Fig. 23 ; one . f 

diagram representing the down stroke Fig. 20. 

and the other the up stroke. In these 

diagrams, P represents ttio piston, PT the piston-rod, TR the 
connecting-rod, RS the crank and 8 the sliaft. The end T of the 
piston-rod is made to move in a straight line by the guide G. 

Suppose the engine is moving in the direction indicated by 

. __,__ _j_ the arrows NN. The piston ia 

111 1 \fflvSJ ^I'i^^'i fi*^* ii '^"^ dii«ction and 

I iCi \ ^^^ then in the other, but for either 

\\u^ \ I direction the force acting along 

\ V~\ \ j the piston-rod PT is resisted by 

\a^\ i the propeller. This produces 

\Wo\ : tension or compression in the 

\\\ \ ! connecting-rod according to the 

\N^_\^^ j stroke. The ari-ows indicate 

Nx::^ ^'^■^-.„^^^^ I tlie direction of these forces, 
\<;^42^— -^ J The forces acting in the piston- 
^^"^^^^il:;:::^^ 'otl ^""^ connecting-rod produce 
pjj(_ 3]_ a resultant force at the cross- 

head which is toward the guide, 
for the direction of rotation shown by tlie arrows NN. While the 
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engine is tiiniing in this dii-ection tlie pressure is on tlie guide as 
sliown during both strokes. If however, the engine turns in tlie 
opposite direction the crosshead 
will tend to leave the guide 
G or the resultant force will 
^K- 22. act in the opposite direction. 

The force acting at the crossheitd is resisted by the guide. 
Crosshead. Tlic end of the piston-rod terniinafes in the 
croswhciid to which the connecting-rod is attiiclied. There are 
niiiny different forms of crossheads depending up<in the frame and 
connecting-rod. In Fig. 7 is sliown the arningement wlien lliere 
are two heavy uprights. The crosshead has a l>eai'ing on both 
fmmes. For tliis form of crossliead the connecting-rod is almost 
always forked, that is, the connecting-rod divides and has a bear- 
ing at eacli side of. tlie crosshead. 

In Fig, 8 the ci-osshead is of the slipjier type. In this tyjie 
the guide is on one frame only and a portion of the crosshead 
called the slipi>er, slides on 
this bearing surface and is 
iield in place in a sort of 
groove or channel of a shape 
as shown in Fig. 24. The 
slipper slides on surface A of 
the guide plate P whioh is 
seemed to the frame. While 
tlie engine is going ahead the 
thrust on the crosshead keeps 
the slipper pressed against 
this surface. The flanges FF, 
secured hy boltfi, resist the 
thrust when the engine is 
going astern and keep the f. 

crosshead in the channel. Fig. 
24 shows that the ahead sur- 
face is greater than the astern. ^s- 23- 
This arrangement works well, for a marine engine seldom runs 
astern iit full power for any length of time. Tlie space hack of the 
plate P may he used for the cii-culation of sea-water to keep the 
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plate cool. In some forms of slipper-crosshead tlie ciosahead is built 
around the guide, which is a piece of steel of i-eetangular section, 
instead of being enclosed in the guide. In the cro3.shead shown 
in Fig. 7 the astern surface is equal to the ahead surface. 

Connectlne-rod. The connecting-rod is jointed to the 
crosshead at one end and to the crank-pin at the othei'. The rod 
itself is usual])' round or rectangu- 
lar sometimes tapering with the 
small end at the crosshead. The 
lar^e end is made to turn on the 
ci'ank-pin and is formed as shown 
in Fig. 25. The end is made with 
a jaw. I solid \vith the rod. The 

cap C is lield to the jaw by two I>olts BB wliith pass thi-otigh the 
jaw and cap; the nuts of these bolts are usually prevented from 
slacking W^k by some appi-ovcd lucking device. The head and cap 
are shaped so as to receive the bi~4iisea 00 which fit the crank pin. 



Fig. 26. 

These brasses often have white metal strips A A fitted in the wearing 
surface. The white metal is an alloy which works well ami can 
easily be replaced. The distance pieces or liiieis U are fitted for 
adjustment. When the brasses wear, these liners can be taken out 
and filed thinner but to obtain greater accumcy and lessen the time 
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required the liners are often made up of thin strips of metal so 
that a thin strip can be removed. The liner may be made of a 
cast distance piece and several thinner pieces on each side. To 
obtain smooth working especially at high speed the brasses 
should be screwed hard to the liners. 

If the snmll end of the connecting-rod is not forked, the end 

is made similar to the end shown 
in Pig. S-'^. When forked it has 
an appearance as shown in Fig. 
26. The e .d carries a pair of 
brasses BB in each end which 
fit the pin F which projects each 
side of the crosshead. The caps 
C are held by bolts in the same 
manner as for the large end. 
The movement of the pin in the 
brasses is oscillatory and not 
rotary; for this reason the 
brasses are not always fitted 
with white metal. The pin 
has a tendency to wear oval 
and is usually case-hardened if 
worked in brass or gun-metal. 
Crank-shafts. The cranks 
for marine engines are double, 
that is, they consist of two crank- 
arms as shown in Fig. 27. The 




Fig. 26. 



crank-shafts are made in parts and these parts bolted together; 
that is, for a three-cylinder triple expansion engine, the crank- 
shaft would be made in three separate parts, one for each cylinder. 
These three are sometimes made alike so as to be interchangeable. 
This necessitates carrying but one spare length. The lengths are 
fastened together by flange couplings as shown at FF, Fig. 27. To 
insure the proper alignment one end is filleted into the next 
length as shown at N. The crank-pin is made of about the same 
diameter as the shaft. Shafts and crank-pins are usually hollow 
if they are large ; the diameter of the hole being about one-half 
that of the shaft as shown by the dotted lines, '^he centml poi> 
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tion of the Blmft m the least effective iii rfsistiiig twisting and 
nrhen it is removed the shaft h almost as strong as when solid. 
The saving in weight thus effected is equal to about 20 per cent. 
Bearlnss. The object of beai-ings is to enclose the shaft or 
joamals in parts that are easily adjustable and renewable. Tlie 
enclosing parte should be made of some material tliat will not 
injure the journal, will be strong and firm and that will work with 
little friction. Brass or gun-metat lined ^vitli atrijia of white metal 
answers the requirements in most cases. The white metal is 
usually melted and run into dove-tailed recesses as sliown in the 



Fig. 27. 
various figures and when finished stands just clear of the surface 
of the brass. 

The brasses are fitted into the frames or bed-ptate as the 
case may be, the frame being recessed to receive them. In the 
case of the main bearings, the forces act vertically and the brasses 
are therefore placed above and below the shaft. In lai^e bearings, 
the bed for the bottom brass and the bottom of the brass itself are 
made cylindrical, to facilitate the i-emoval of the braas while the 
shaft remains in place. To remove the lower brass, the shaft is 
auppoi-ted and the brass moved around toward the position occupied 
by the top brass. Bi-asses are held in place and adjusted by lK)lte 
and nuts. The adjustment is facilitated by the inseHion of thin 
strips of metal between the brasBes as with the ends of connect- 
ing-rods. 

In order to have good working, the bearing surfaces must be 
large, accurately fitted and adjusted and kept clean and well 
liihi'icated. Any dirt that finds its way between the journal and 
the brasses soon causes wear and perhaps heating. The lubrio^ 
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lion also iw itii|>ortft]it. Koi- the main l>earing8 there are sevenil 
nietiioila ; siplion lubiicators and various forms of oil cups and 
boxes being common. The oil finds its way to the inner surfaces 
of the bi-oKses tlirough oil holes and readies the various parts of 
the bearing by channels cut in the faces of the brasses. 

Crosshead guides and the connecting-rod bearings are supplied 
with suitable lubricator cups. The crank-pin and the brasses of 
the large end of the connecting-rod are moving so fast and con- 
tinuoHKly that they cannot be oiled as easily as are the other bear- 
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ings. For this n-a-son, a centrifugal lubricator is sometimes used. 
Tlie general idea of this device is shown in Fig. 28. The annnlar 
casing A shapiid as shown is fasitened to the cmnk-arm and oom- 
" nnmicates with the space K by means of the pipe 1*. From the 
space E tlie oil flows to the surface of the crank-pin by the small 
holes fr. Oil poured into the easing from the outside is foreed by 
centrifugal force from tlie casing to the crank-pin br.is.ses. 

Thrust Bearing;. While the screw Is revolving, tlie thrust or 
pressure tends to force the propeller-shaft forwai-d or aft, accord- 
ing to the direction in which the vessel is going. To resist this 
tendency several collars are forged on the shaft, and these collars 
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' i-evolve ill a block called a thrust beaiiiig. Tims we jnay say tliat 
the ofiRce of the thi'ust bearing is to receive and transmit to tJie 
ship the thiiist produced along tlie 8>iaft by the revolving of the 
screw. Tliis bearing is situatetl near the forward end of the screw- 
shaft, or in otlier words, it is just aft of the engines. 

A simple form of thrust block is shown in Fig. 29. It con- 
sists of a cast iron block R, with a removable cap G. The por- 
tion of the shaft that lies in this block is forged with several 
collars C on it. These collars fit between gun-metil or brass rings 
B, which are fitted in grooves or recesses turned in the bearing R 
and the cap G. The rings B are prevented from turning by the 
tongue pieces F, which are placed at each aide between the cap 
and base. The collars on the shaft press against tlie after or for- 
ward faces of the coUai-s B according as the screw revolves for 



Fig. 29. 

ahead or astern. In l>oth eases the thrust is taken by the block. 
The thrust bearing can be adjusted in a fore and aft direction as 
the bolt holes are' elongated. Sometimes the base is cored, .out so 
that water may be circulated to prevent heating of the rings. An 
arrangement for oil lubrication is shown at P, and water may be 
supplied through the holes A. 

It is of great importance that the thrust should be distributed 
among the rings and not taken by one or two of them.. In ciu'^e 
a few of the rings take tlie thrust tlie pi-essure is so great tliat it 
is difhcult to obtain sufficient lubrication to prevent heating. In 
the thrust block shown in Fig. 29, the thrust rings cannot Iw 
easily adjusted, and therefore this form is not used very much. 

The. thrust block shown in Fig. 30 represents the type most 
commonly used at the present time. In this block each thrust 
ring maybe readily adjusted without moving any of the others. 
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Tlmre is only a lower j«ut or basi! ua tlie cap Ls formed of adjust- 
iililt^ collaro, which are in the fi>nii of lioi-su-shoett. One of these 
horss-fihoe rings is shown in Fig. 31. These rings are placed 
over the shaft between the shaft collars, and are secured to two 
huge sci'ews on each side l>y means of iinta wliicli serve Ui adjust 
the lings and hold thent in place. The horse-slioe collai's are lined 



Fig. 30. 

with white metal for steel eliaffcj and l>ronze or hrass forwronght 
iioii sliufts, Tlieae linings are uaiiaUy fitted into I'ecesses formed 
in the thrust rings. 

The lower part of the base is cored out so that water may 
lie circulated to keep the bearing surfat-es cool. 

Each collar is supplied with an oil 1m)x or cup so that the 
lubrication will be aliimdant. The oil should reach the collars at 
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tlie pin-t nearest tlie eoiiter of tlie stiaft becaiiBe ceutrifugal force 
ten<lH to tlirovv it toward tlie niibtide eilge. 

Ordinary bearings are fitted iit one or both endu to support 
the shaft and prevent vibration. 

The thru&t bearing is geiieriilly placed near the engine. The 
first length of shafting abaft the crank wbaft is frequently tlie 
thrust shaft. Thus if placed near the engine it can receive proj^r 
attention and be kept clean and well lubricated. This bearing is 
of considerable im[>ortance, liecaiise if the rings heat they will 
wear rapidly, and tlien the whole line of shafting must Iw thrown 
forward to take up the wear. In addition to the inconveniene-e 
caused by heating, cutting and wear, the friction of a dirty, half 
lubricated, or poorly adjusted 
thrust bearing greatly reduces 
tlie power delivered to the 
propeller. 

The numier of collars de- 
pends upon the size of the 
shaft, which in turn dc']iendB 
upon the power of the engine, ^ gj 

ind the ideas of the designer. 

Jf the coUaiB are many tliey will of course be of small duimeler. 
In this case the thiiist will probably be tiikcu by several collai-s, 
hut if for any reason it comes on one or two, the small diameter 
prevents their acting effectively without heating. The large 
collars are of necessity of large diameter and therefore expensive 
to forge, and have higher speed of nibbing surfaces ; but the few 
collara allow a better design of block, and one or two of them 
are better able to take the whole thrust. 

The number of collars is determined from the experience of 
the designer. To calculatti the diameter of the coUara, the number 
is first assumed. 

Let n = the number of collars. 
D = the diameter of collar's. 
d = the diameter of the shaft. 
P = total load. 
p = pressure per square inch oi area. 
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Usually tlie allowable value of p is limited to about sixty 
pounds. 

The following formula expresses the total load : 

!>=,, ^^____ Jn. 

luiJerting the value of jf; as 60, we have 

P = 60 X ~ fl)^ —d^^n. 

P = 47 Tds — d^^ n. 



Hence D = i/ d2 _|- 



P 



47n 



Suppose a shaft is 12 inches in diameter and there are six 
collars, what should be the diameter of the collai-s if the total 
thrust is 41,000 pounds ? 
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-y/ 144 + 145 = J 289 
= 17 inches, Ans. 

STARTING GEAR. 

Tlie marine engine must be made so that it will run in either 
direction as required, and the gear must be so constructed that the 
engine may be reversed quickly and with little trouble. In a 
small engine the valve and links may be moved with so little force 
that a hand lever is fitted, as shown in Fig. 7. In a lai-ge engine, 
especially if large slide valves are used, considerable power is 
necessary to move the gear. For this reason it is customary to 
use a small steam engine to assist in moving the links and valves. 
This arrangement, called the steam starting gear^ has several forms 
and the details vary considerably. Fig. 32 shows one form. In 
order that all the links of a multi-expansion engine may be moved 
at once, a shaft, called the weigh shaft, runs the length of the 
engine and is held in bearings on the frames. To this shaft (W 
in Fig. 82), all the links are connected, so that if the shaft is 
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rotated all the links move together. To this shaft are keyed for 
each engine two rocker arms, M and N ; at the end of N is con- 
nected one end of the reach rod X, wliich is connected at the other 
end to tlie centre or to the ahead end of the link. The end V of 




Fig. 32. 

the arm M is jointed to the end of the connecting-rod of the small 
steam engine 11. The rod O connects the arm M and the valve of 
the small engine. It will be seen from the sketch that if M is 
moved downward, N will move to the right, and as N moves to 
the right the reach rod and link will also move in that direction. 
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The action of the gear is as follows: When the handle is 
moved from A (the mid-position) to B, the point C moves to the 
left, & frying with it the rod C E. This movement luises the rod 
H which is connected to the lever fulcrumed at T. When the 
rod H moves upward the rod O moves downward, which causes 
the arm M to move downward, thus moving N to the right. As 
has heen stated, the moving of N moves the reach rod and the 
link. As all the links have similar reach rods and rock arms they 
also move. When the handle A is moved, the reach rod moves 
also, but as the power applied at A is not suflBcient to move the 
gear rapidly or to any great extent^ it is arranged so that when 
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Fig. 33. 

the link O moves, the valve P also moves ani admits steam to the 
(cylinder R ; the j)iston in R moves its piston-rod, connecting-rod 
and the arm M. Thus it U readily scon that movement of the 
handle A moves the link slightly and at the same time starts the 
engine that aids in the movement of all the links. 

From the study of " Valve Gears " we know that linking up 
ghortena the travel of the valve and causes earlier cut-oflF. lo 



186 



MARINE ENGINES, 85 



compound and triple expansion engines the links for all the 
cylindei*s move the same amount, so that cut-off is altered the 
same . amount in all the cylinders. When working at reduced 
powers it is often desirable to change the cut-off in one cylinder 
without changing it in others, or it is often necessary to make a 
greater change in some cylinders than in others. Expansion valves 
are undesirable for- several reasons, and to accomplish the change 
in expansion the end of the reveraing arm N is made with a slot 
and block as shown at I Fig. 32 and enlarged in Fig. 83. The 
reach rod is attached to the block B which can be moved and ad- 
justed in the slot A by the screw C. Thus if the block B is 
moved, the position of the link is altered slightly which causes a 
slight change in the cut-off. In Fig. 33, tlie arm H is shown in 
the ahead position. From the position of the slot it is seen that 
this movement can be effected when in this position. The dotted 
lines show the arm and slot Avhen in the astern position. If the 
link is in the astern position the movement of the block is verti-- 
cal and the position of cut-off is not altered as there is no lateral 
movement. Thus if the link is in the ahead position and arranged 
for early cut-off and is suddenly shifted into astern position the 
links will be in full or nearly full gear. 

In Fig. 33, the lines F R and E J show the approximate posi- 
tions of the center of the reach rod. The angle JZR depends 
upon the amount of movement of the links, and is usually a little 
less than a right angle. 

It is customary to fit a hand-re voi-sing gear so that in case 
of accident to the steam starting engine, the main engines can be 
reversed by hand. This gear consists of a hand-wheel on a worm 
shaft. The worm turns a worm wheel whicli rotates the arms on 
the weigh shaft. Provision is made for throwing the worm in and 
out of gear.* 

CONDENSERS. 

The genei-al description and metliud of using condensera has 
already been given in previous discussions. In marine work 
the surface condensers is used almost exclusively, because 
with this type the injection water (sea-water) docs not mingle 
with the condensed sieam. If the jet condenser were used, the 



1«7 



36 



MARINE ENGINES. 



salt water would soon deposit so much salt on the heating surfaces 
that the boilers could not carry high pi'essure. Also there would 
be a loss in eflBciency. 

The condenser is advantageous for two reasons ; it increases 
the power of the engine by reducing the back pressure, and it 
allows the feed water to be used over and ovei again. 

The surface condenser is, briefly, a large closed vessel in 
vvhich is a great number of small tubes. The general ari-ange- 
ment is shown in Fig. 34. The exhaust steam from the low pres- 
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Fig. 34. 



sure cylinder enters the condenser C and is condensed by the cold 
water because the latent heat is absorbed by the water. In the 
surface condenser the cold water may surround the tubes through 
which the steam flows, or it may circulate through the tubes and 
the steam suiTOund them. The latter arrangement is the more 
common. Sea-water enters the vessel through the pipe K and 
flows to the circulating-pump R, which forces the water into the 
condenser through tlie pipe L. After flowing through the tubes 
it leaves the condenser by means of tlie exit M and flows over- 
board. Exhaust steam enters at S, and is condensed by coming in 
contact with the cold tubes ; the water (condensed steam) tlien 
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tails to the bottom of the condenser and flows to the air-pump B by 
the pipe E. The air-pump removes tlie air, vapor and condensed 
steam from the condenser and forces it through the pipe N into 
the hot well, from which it goes to the boilers or to the feed tank. 
The circulating water may be drawn from the bi^ee through the 
pipe H. 

The circulating-pump is usually of the centrifugal type con- 
sisting of a fan or wheel wliicli is made up of a central web or 
hub and ai-ma or varies, as shown in Fig. 35. The vanta are 
curved and sis tlie water is drawn in at tlie central part the vanes 
throw it off at the ciicuniferencc. A eiiitiible cJising diiects the 
flow. This typo of pump is advantageous l>ecause tiieie are no 




valves to get out of oi-der, and iia the lift is little, if any, the 
pump will dischai^o a large volume of water in a neatly con.stant 
stream. Tlie circuiating-jiump is usually placed below the water 
line so that the water flows to it. The pump is driven by an 
independent engine so that the circulating water may cool the 
condenser even if the main engine is not working. 

The centrifugal pump works more smoothly and with less 
trouble than an ordinary force pump because it is not reciprocating 
and it has no valves. The circulating-pump is also pi|>ed so that 
it will pump from the engine room bilges if neccaairy without the 
water passing tliraugli the cundL-nser. Sometimes two circulating- 
pumps arc flttud to each eundenscr, each pump being 'if sufficient 
capacity to supply the condenser. Tliis arrangement provide:^ for 
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a large bilge pumping power and also duplicates the circulating 
arrangements. 

A suction pipe from the bilge is connected to each pump, and 
the valves are armnged so that the pump may be cut ofE from the 
sea and connected to the bilge or vice versa. 

When the steam is condensed the water falls to the bottom 
of the condenser and is diawn out by the air-pump. This pump 
is usually worked from tlie crossliead of the low-pressure cylinder. 
With this arrangement the air-pump cannot work while the main 
engine is not running, so that the condenser is full of air when 
the vessel is not in motion. It is often desirable to have a 
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vacHium in the condenser before the engines start so that it will 
assist in stiirting. For tliis reason a condenser is sometimes used 
like that shown in Fig. 36. This condenser Is of the surface type, 
the chief difference being in the pumps. The air-pump is inde- 
pendent of the main engine. The steam piston, the air-pump 
piston, and tlie circulating-pump piston are all on one rod. Thus 
the punips may l)e started and a vacuum formed before the main 
engines are stiii-ted. 

A vacuum may be formed by juhnitting live steam to the 
condenser and then forciniif in the circulating; wnter. The live 
steam drives the air out of tlie snifting valve when the pressure 
in the condenser exceeds atmospheric pressure. The sniftinj^ 
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valve is a small check valve attached to a condenser; the 
pressure of the atmosphere keeps it closed. When live steam 
is admitted to the condenser, the pressure will become greater than 
atmospheric pressure and the air is driven out of the snifting 
valve. When the circulating water condenses the steam the pres- 
sure within the condenser decreases, because water occupies much 
less volume than the same weight of steam and the valve closes. 
In case there is no snifting valve, the drain cock may be used in 
its place, but it is not automatic. « 

On account of the oil in the exhaust steam, the condenser 
tubes become covered with a coating of grease and have to be 
boiled out. To do this the condenser is nearly filled with a solu- 
tion of hot water and caustic soda ; live steam is then taken from 
an auxiliary or donkey boiler. 

In order to have the vacuum maintained the air most be ex- 
hausted from the condenser continuously. This is done by the 
air-pump which withdraws the condensed steam, any air that may 
leak in and any vapors that may rise from the water. 

The air or vacuum pump is made in a variety of construc- 
tions, a common form being shown in Fig. 37. It consists of a 
cylindrfcal cast-iron casing or barrel B. Sometimes a brass barrel 
or liner is fitted within the iron casing. The pump is bolted to 
the condenser in such a manner that the condensed steam will flow 
into the pump at E. The bucket or piston P fits the barrel closely 
and moves up and down within it. At the bottom of the pu!n[) 
several foot valves F are fitted. Similar valves A, called delivery 
valves^ ai*e fitted to the top of the pump. In the pump shown 
there are four bucket and four delivery valves. Also there are 
four similar valves H, in the piston. 

The valves C are usually made of hard rubber. They are 
circular flat plates which seat on flat brass seats perforated to 
allow water and air to pass. The valves are placed on studs on 
which are guards a, wliich limit the rise of the valves. 

Sometimes a light bniss spring is placed between the guard 
and the valve to help return the valve to the seat. It is seldom 
that these springs are placed on the foot valves hut they are fre- 
quently found in the bucket and delivery valves. As the spring 
tends to keep the valve to its seat, more force is requii-ed to open 
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the valve when a spring is used. Hence, if springs are fitted to 
the foot valves they may cause an imperfect vacuum since the 
force which opens them is the hydrostatic head and the air pres- 
sure in the condenser. 

The action of the pump is as follows : When the piston 
descends, as shown by the arrow, the foot and delivery valves 
close and the backet valves open. The water and air above the 
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foot valves enter the spsice 
above the piston. When 
the piston lises, the bucket 
valves close because of the 
pressure of water on them. 
The water is therefore car- 
ried up by the piston and 
forced through the delivery 
valves. While the piston 
is rising a vacuum or par- 
tial vacuum is formed below 
the piston, and the pressure 
of water and air in E causes 
the foot valves to open and 
tlie water and air rushes 
through to fill the space 
under the piston. When 
the piston has reached the 
top of the pump the space 
below it is filled with water 
^* ^^' and air, and the water and 

air above it are lyeing discharged to the hot well througli N. 
When the piston commences the down stroke the delivery valves 
close and prevent the air and water from returning to the air- 
pump, the bucket valves open to admit a new supply to the top 
of the piston and the foot valves close. 

Foot valves are not absolutely necessary, in fact they are 
sometimes omitted but their use increases the reliability of the 
pump. 

A small check valve or pet cock is generally fitted to the 
pump below the delivery valves. It is used for admitting air 




132 



MARINE ENGINES. 41 

above the piston to prevent slamming of the pump. If there is no 
air cushion, the shock of the water on the up stroke is likely to 
cause slamming. When slamming occura it may be stopped by 
admitting more air. This air does not effect the vacuum because 
it does not flow through the bucket valves. In Fig. 37 aU the 
valves are shown down on their seats. 

The vacuum that can be obtained depends upon the lightness 
of the valves, and the tboi-oughiiess with which the pressure is 
removed from above the foot valves by the air-pump. This in 
turn depends njMjn the nearness of tlie bucket to the foot and 
delivery valves at the ends of the stroke and the fit of the piston. 



fig. 38. 

Details. The condenser is usually formed of a large number 
of solid drawn biiisa tubes | or -| inch in diameter and aljout jJj- 
inch thick. The reason why th^y can be made so thin is because 
there is no pi'essure on them other than atmospheric pressure. 
These tubes aie arranged zig-zng or etaggerod, between two end 
plates which may be circular, oval or rectangular. The entire 
condenser is often made of brass to pi-event waste by galvanic 
action. The tul>es must be fitted water-tight in the tube plates 
and at the same time free to lengthen and shorten under changes 
of temperature. For this reason they cannot be expanded in 
place like boiler tubes. They are fitted with a stuffing box at 
each end as shown in Figs. 38 and 39. The hole in the plate is 
slightly lai^er than the tnl>e. The laige part of the hole is pro- 
vided with tlireiuls to ivceive a small gland or fen-ule which com- 
pi-esses a ling of pjickliig or a washer of fibre. It is of great 
importance that the condenser tubes should be tight for if 
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surface condenser is changed to a jet, the valve in the delivery 
pipe iTiiist be closed to prevent tlie air from entering the conden- 
ser and thns destroying the vacuum. 

The vacuum in the condenser is measured by a vacuum gage 
wliich is similar to a pressure gage. The pressure gage measures 
pressure in pounds per square inch but the vacuum gage is grad- 
uated to correspond to the barometric column ; that is, in inches 
of mercury. A perfect vacuum represents about 30 inches of 
mercury and if there is atmospheric pressure in the condenser the 
pointer would stand at zero. 

Since the pressure of the atmosphere is about 15 pounds per 
square inch and the mercury column is 30^ inches high for atmos- 
pheric pressure, an inch of vacuum represents about |^ = J- pound 
pressure. Thus 10 inches of vacuum means that tliere is a 
vacuum corresponding to 10 X ^ == ^ pounds pressure. Or the 
10 inches of vacuum means that 5 pounds of pressure have been 
removed from the condenser and 15 — 5 r= 10 pounds pressure 
remains. 

Suppose the needle stands at 26. Then the pressure tfiat 
hiis been removed equals 20 inches of mercury which equals 13 
pounds. If 13 pounds have been removed the actual piessure in 
the condenser is 15 — 13 = 2 pounds. Another way would be 
to subtract 26 from 3C and divide by 2. Thus, 30 — 26 = 4 and 
4 divided by 2 equals 2. 

In case great accuracy is required, one inch of vacuum is 
taken to be .49 pound instead of .5 or ^ pound. Thus, 22 inches 
of mercury indicates a pressure in the condenser of 3.92 pounds, 
for 22 X .49 = 10.78 and (atmospheric pressure) 14.7 — 10.78 
= 3.92 ; or 30*— 22 = 8 and 8 X .49 z= 3.92. 

Amount of vacuum. In the study of the properties of 
steam, it was shown that there was a definite relation between the 
pressure and temperature of saturated steam. Thus if the pres- 
sure in the condenser is known, the temperature of the condensed 
steam can be readily found by referring to steam tables. This 
temperature decreases as the pressure decreases. Thus if an 
almost perfect vacuum is carried, there will be verj'- slight pres- 
sure in the condenser and the temperature of the water removed 
will be low because the temperature given in the steam tables is 
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the maximuiu tenipemture obtainable. On account of the lieat 
lost by radiation and the difficulty of regulating exactly the 
amount of injection water, the temperature is a little lower than 
that given in the steam tables. 

Suppose the pointer stands at 26. The pressure in the con- 
denser is 80 — 26 = 4 and 4 X -5 = 2 pounds. The tempera- 
ture is then about 126 degrees. If less water is circulated, and 
the pointer stands at 20 inches the pressure is 30 — 20 = 10 and 
10 X -5 = 5 pounds; the corresponding temperature is then 
about 162 degrees. Thus a difference of 6 inches in the vacuum 
makes a difference of 36 degrees. Then this question arises: 
Shall we carry a good vacuum and thus increase the power of the 
engine and feed water to the boilere at (theoretically) about 126 
degrees or shall we have a little greater back pressure (5 pounds) 
and feed water 36 degrees warmer? This question must be 
answered by the engineer in charge and as to which is the more 
economical can often be determined only by a test. 

With the surface condensei*s, the vacuum usually carried is from 
22 to 20 inches and with jet con dense i*s 20 to 24 inches is common. 

If the temperature of the hot well is to be high, a low vacuum 
must be carried in the condenser. To lower the vacuum decrease 
the amount of circulating water. 

Imperfect vacuum. If the pointer of the vacuum gage 
stands less than 30 it means that the vacuum is not perfect or it 
is " low " {IS it is turned. We have already considered the results 
of a low vacuum. It may be caused by too little condensing 
water, air-pump out of order or the piston not coming close to 
the foot and delivery valves or by air leaks. 

If the vacuum is low, and an increase in tlie amount of cir- 
culating water fails to increase it, but lowers the temperature of 
the hot well, it indicates that the exhaust is cooled to a low tem- 
perature and consequent low pressure. This state of affaire indi- 
cates an air leak about the engine or condenser. If a lighted 
candle is passed around the joints, the flame will be drawn toward 
the leak since the pressure outside is greater than the pressure 
inside, and the inrush of air would cause the flame to be drawn 
along with the current. A little red-lead putty applied to the 
crack will usually stop the leak. 
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If the fault is not in the condenser or in the amount of circu- 
lating water, probably the air-pump is out of order. A broken or 
hung-up valve often causes an im[)erfect vacuum. 

The Keel Condenser. Steam launches for fresh water fre* 
quently have no condenser but use high-pressure steam and draw 
the feed water from the lake or river. For salt water, however, 
it is desirable to use the feed water over and over again on account 
of the boilers. In many launches, an ordinary surface condenser 
would take up considerable room and be an extra weight. 

For such cases a brass or copper tube, or several tubes, are 
placed outside of the hull along the keel. The exhaust from the 
engine enters at one end, is condensed by the cold water, and 
drawn out of the other end by the air-pump. This is a very sim- 
ple arrangement since no circulating arrangements are needed. 
The passing of the hull through the water takes the place of the 
circulating-pumps. 

Feed Tanks. The air-pump of the condenser discharges into 
a feed tank which holds the feed water that is not immediately 
needed for the l>oilei's. This tank is usually made large enough 
to contain all the discharge from the air-pump for four or five 
minutes when running at full power. From this tank the water 
is pumped into the boilere as needed. In some ships the air-pump 
discharges into the hot well, and is then either pumped directly 
to the boilers or is carried to a feed tank. A feed tank is usually 
fitted to each engine room. 

The tank is provided with two overflow pipes ; one leading 
to the reserve tank, and the other to the bilges. In case oily 
matter collects on the surface of the water in the feed tank, it can 
be discharged into the bilges by the overflow. The feed tiink 
should have an arrangement for the escape of air, and should l>e 
provided with fittings to prevent grease from entering the reserve 
tanks or the feed pumps. 

It is very important that feed water should contain as little 
grease as possible. For this reason some vessels are fitted with a 
tank, pump and grease filter between the air-pump and feed tank. 
It is a good plan to filter the water before it enters the feed pumps 
rather than to filter it while going from the feed pumps to the 
boilers. If a grease filter were placed between the air-pump and 



lar 



46 MARINE £N6IN£S. 

feed tank it would bring a great strain on the air pump. To pre- 
vent this the air-pump is made to discharge into the hot well from 
which the water is drawn by a pump called the hot well pump. 
This pump takes water from the hot well and forces it through 
the filter to the feed tiink. A by-pass or escape valve is fitted so 
that when the filter becomes clogged or the hot well pump gives 
out the water will flow directly to the feed tiink. 

The reserve tanks are tanks placed in the double bottoms 
under the engine or boiler rooms for carrying a i-eserve supply of 
fresh water. They are fitted with valves and pipes, so that they 
can i^ceive water from the feed tanks and from the boilers. Also, 
80 that water can be drawn from them as required. On ships 
liaving evaporators and distillers, the reserve tanks need not be ais 
large because it is not necessary to carry as large a quantity of 
fi-esh water. 

Peed-Putnps. The feed water is taken from the bottom of 
the feed tanks or from the hot wells and pumped into the boilers. 
The pumps for this work are almost always of the independent, 
direct^acting type. Tliey usually take steam from the main steam 
pipe and the auxiliary pumps from the auxiliary steam pipes. It 
is a good plan to place the main pumps in the engine rooms and 
the auxiliary pumps in the boiler rooms. The main pumps are 
piped to the feed tanks or hot wells, and can pump to all of the 
boilers. The auxiliary pumps draw from the feed tanks and from 
the auxiliary condensers, and are also piped to pump from the 
reserve tanks and from tlie sea. 

Arrangements for Reducing: Waste. In order to make the 
amount of make-up water as small aa possible, there are fitted 
several devices for reducing waste. 

Formerly all of the auxiliary engines, such as those for steer- 
ing, circulating-pumps, hoisting, electric-lighting, etc., exhausted 
into the atmosphere. To prevent this waste, they are made to 
exhaust into auxiliary condensers which are like the main con- 
densers in construction, arrangement and fittings. The air-pumps 
for these condensers, called the auxiliary air-pumps, discharge 
into the feed tanks. 

lu case the engines are eased or stopped, the safety valves are 
likely to blow ofi until the fires and dmft can be regfulated. The 
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steam that escapes is usually led to the niaiu condensers and there 
condensed. Since the air-pump (if it is not independent) stops 
when the main engines stop, provision is made by means of a suc- 
tion pipe, for keeping the vacuum in the main condenser by run- 
ning the auxiliary air-pump which is independent. 

At the present time, with surface condensers, evaporators, 
etc., the boilers need be blown out only at long intervals. After 
the boilers have been at work for a considerable length of time, 
the surface of the water becomes dirty and the surface blow must 
be used, but this does not happen frequently, and as the boilers 
are blown out but seldom, the loss from this cause is slight. 

The drains from the main engines are usually connected to 
the main or auxiliary condensers, or with a drain pipe leading to 
a dndn tank, thus greatly decreasing the waste from thia cause. 
In case the drainage water from the auxiliary cylinders is very 
greasy, it must be filtered or discharged overboard. 

Formerly it was the custom to fit small hot wells ; this caused 
frequent discharges to the bilge or overboard. To reduce loss, 
the hot wells are either made larger or feed tanks are used baviiig 
overflows to the reserve tanks. 

In spite of all the precautions taken to reduce the waste of 
fresh water, considerable make-up water must be provided. This 
is usually from three to eight per cent, of the total water used, 
depending upon the condition of the machinery, etc. This make-up 
water may be taken from the sea or from evaporators. For ves 
sels making short trips, fresh water may be carried and evaporsr 
tors dispensed with. Distilling arrangements were discussed in 
** Marine Boilei-s.'* 

Thus far we have considered the working fluid (water and 
steam) in the various parts of the machinery. Now let us trace 
its course in the boilers and engines by means of a brief summary. 



Boilers to 
Engines. 



Through 

If. P. 
Cylinder. 



Steam space, internal steam pipe, stop valve to main steam 
pipe. Then through bulkhead stop valves (if fitted) to regu- 
lating valve, to steam chest of high-pressure cylinder. 

From steam chest of high-pressure cylinder through the 
ports to th" cylinder. After doing work, through the ex- 
haust ports to the first receiver, and then to steam chest of 
the intermediate cylinder. 
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From the* steam ctiest through the ports to the cylinder. 
After expanding, througli the pasBages and exhaust cavity to 
the second receiveri and then to the steam chest of the low- 
pressure cylinder. 

From the steam chest, through the ports to the low-pressure 
L. Pr -^ cylinder. After the expansion is completed, through the 



Through 

LP. 
Cylinder. 



Through 



Cylinder. 



exhaust passages to the exhaust pipe, to the condenser. 

" The exhaust steam enters the condenser, is condensed, falls 
to the hottom of condenser. Through foot, bucket and deliv- 
'TtLnh-a I ^^y valves of the air pump to the discharge pipe, to hot well 
or feed tanks. 



Condenser 

to 
Feed Tanks. 



Feed Tank f From the feed tank to the feed pump suction pipe, through 
to < the suction and delivery valves, to the feed pipe. Through 

Boiler. [^feed valve to internal feed pipe. 

The water, entering by means of the internal feed pipe, is 
evaporated in the boiler, rises to the steam space and commences 
the circuit again. 

AUXILIARY MACHINERY. 

In modem steam vessels, especially if they are large or in war- 
vessels, the auxiliary machinery is of great importance. Some 
vessels have more than 100 different auxiliary engines, some 
steam, others hydraulic and some run by compressed air and 
electricity. In battleships there are many engines used for work- 
ing turrets, loading, training and working guns. Compressed air 
is not used as extensively as steam, water and electricity, but it is 
often used for discharging torpedoes. 

The large number of auxiliary engines makes it impossible to 
describe them here ; among the most important uses in addition to 
propulsion are ventilation, forced draft, feeding boilers, weighing 
anchor, steering, electric-lighting, refrigerating, lifting coal, dis- 
charging ashes, etc. 

The transmission of power and electric signalling on board 
ship have become of firet importance. Wires can be conducted 
in places where the placing of steam pipes would be almost 
impossible. 

The steam engines used for auxiliaiy purposes act upon the 
same principal as the main engines. Vertical engines are fre- 
quently used because of the saving in floor space. The pumps 
for feeding boilers, the engines for the circulating pumps, etc.. 
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being vertical in most instances. As before mentioned, the 
auxiliaiy engines exhaust into the auxiliary condenser both because 
of economy and on account of the feed water. 

PROPULSION. 

In order to move a ship the resistance must be overcome. 
When the engines are started, the paddle wheels or screw revolve 
for a short time before there is any appreciable headway. The 
power of the engine has, during this time, been expended in 
overcoming the inertia of tlie ship. When the inertia has been 
overcome the power is utilized in overcoming the resistance of 
the water and air and in increasing the speed of the ship. As 
the speed increases the resistance increases, and there comes a 
time when all the power is used for overcoming the resistance 
and there is none left for increasing the speed. The ship then 
moves along at an approximately constant speed. 

The resistance offered to a ship's motion in smooth water 
may be divided into three elements : 

Frictional resistance of the skin. 

Eddy making resistance. 

Wave making resistance. 

Prictlonal resistance is by far the most important. The 
amount of friction between the immersed skin and the water 
depends upon the area and length of the immersed surface, upon 
the roughness and upon the speed. As a foul bottom causes a 
considerable increase in resistance and cpnsequent reduction in 
speed, the ship's bottom and the propeller blades should be kept 
as clean as possible. 

Eddy making resistance is usually small. It is caused by 
the form of the stem and by the churning of the propeller. 

The amount of resistance due to wave making depends upon 
the form of the ship. At the bows of all ships some waves are 
formed, and if they pass away from the ship without producing 
a corresponding reaction under the stern the energy used in 
forming the waves is wasted. 

Wind and waves also cause the resistance to be increased, 
but the resistance from these causes is difficult to estimate. The 
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larger and longer a ship, the, less the wind and waves affect its 
progress. This is shown by the regularity with which large 
ocean steamships make their voyages under varying conditions of 
wind and sea. 

Experiment shows that within ordinary limits the resistance 
varies as the square of the speed, and the power required to over- 
come the resistance varies as the cube of the speed. In other 
words, if a ship has a certain resistance at a given speed the 
resistance will be four times as much if the speed is doubled ; 
and the necessary power will be eight times as much. 
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Speed in Knots. 
Fig. 40. 

By considering the above law and the various resistances, 
there have been produced many formulas for finding the power 
necessary for a given speed. These formulas are of little value, 
however, unless the designer knows all the data of ships of simi- 
lar form, size and speed. 

The indicated horse-power is not a true measure of the work 
done by the propeller, because of the efficiency of the machinery 
and of lines of the ship. 

Indicated thrust. The indicated thrust is a mathematical 
expression very commonly used in connection with propulsion. 
Its name is derived from indicated horse-power and is expressed in 
pounds. A horse-power is 33,0^0 foot pounds per minute, and 
hence the total work in foot pounds done by the engine is equal 
to I.H.P, X 33,000. This total work done divided by the dia- 
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tance through which it aots in one minute is the indicated thrust. 
Let I.H.P. = indicated horse-power of the engine. 
p = pitch of the screw in feet. 
N = number of revolutions per minute. 
T = indicated thrust. 

33,000 X I.H.P. 



T = 



Since I.H.P. = 



^N 
2PLAN 
33,000 
2PLA 



P 
Suppose a marine engine develops 1,200 I.H.P. when mak- 
ing 90 revolutions per minute. If the pitch of .the propeller is 
20 feet, what is the indicated thrust ? 

rp _ 33,000 X I.H.P. 

];n 

_ 33,000 X 1,2^0 

20 X 90 
= 22,000 pounds. 

By calculating the indicated thrust from the horse-power for 
given speeds, a curve may be drawn which will show the thrust 
for all speeds. Such a curve is shown in Fig. 40. The verti- 
cal components or ordinates are indicated thrusts in pounds and 
the horizontal components or abscissas are speeds in knots. 

The most economical speed is the speed at which the ship can 
steam a given distance with the least consumption of fuel. Or, 
it Lj tlie speed at which the coal burned per knot is least. In 
general, if the speed is reduced the expenditure of coal is re- 
duced. However, the reduction continues bnly until a certain 
speed is reached, after which the coal consumption rises as the 
speed diminishes. There is no way to calculate the speed at 
which this change occurs ; it can be found by trial only. The 
ship is run at various speeds and the engines carefully tested. 
The most economical speed then can be found by dividing the coal 
consumption per hour by the speed in knots. The lowest value 
shows the most economical speed. 

It 18 practically impossible, or at least inconvenient, to make 
the trials at all speeds. To obviate this difficulty, the results are 
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2i1ottt;d giiiphicully, an shown iii Fig. 41. The consumption of 
coiil per day iii tons is plotted as the ordinates and the correspond- 
ing speed in knots as the abscissae. If a straight line is drawn 
from O, tangent to the cuitc, the speed corresponding to the 
point of tangeney will be the most economical speed. Thus for 
the conditions rei)resent«!d in Fig. 41, the most economical spcfd 
is a little Ifss Uian 8 knots because O N is tangent to the curve 
II K at N. The Coal consumption is, from the diagram, about V 
tons per day. The curve shows that the machinery works 



X 2 4 C 8 10 12 14 16 1> 

Speed In Knots. 
Fig. 41. 

economically between 6 and 10 knots iis the line O N lies near 
the cui-ve for those speeds. If, however, the speed falls below 6 
knots or rises above 10 knots the coal consumption increases 
rapidly. 

The curve thus drawn is for the propelUng machinery only. 
If the most economical speed, including auxiliary machineiy, is to 
be determined, the distance O X is set off below O to represent 
the coal used for auxiliary purposes. The tangent X L is then 
drawn as before. This tangent shows the most economical speed 
to be about 8^ knots. 

PROPELLERS. 

Of the three methods of propelling ships by steam, the 
screw propeller is by far the most important. 
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Jet propulsion is so uncommon that it requires no discus- 
sion. Paddle wheels are used for river and harbor boats, espe- 
cially in shallow water. For sea-going vessels, lake steamera and 
steam yachts the screw propeller is almost universally adopted. 
It is taking the place of the paddle wheel even in its own terri- 
tory. For war-ships the screw is especially desirable, as with it 
all the machinery, including the propeller itself, can* be placed 
below the water line. 

A screw propeller is a set of blades, usually of iron, bronze 
or steel, placed on a horizontal shaft and made to revolve by 
means of the engine. 

Material. For small vessels, the screw propeller is often 
made of Cfist iron on account of cheapness. The blades, and boss 
or hub, form a single casting. If the propeller is large, the blades 
are made separate and bolted to the boss. This method has 
several advantages ; the difficulty of manufacture is not as great, 
the whole propeller is not disabled in ciise one blade is broken^ it 
is much more easily handled and the boss and blades may be of 
different material. With a propeller having detachable blades, 
extra blades are carried so that the propeller may be repaired in 
case of accident. Cast steel is used to some extent, but although 
the blades can thus be made thin (thereby increasing the effi- 
ciency) they are liable to corrosion. Bronze and gun-metal are 
perhaps the best materials, as they are strong, tough and resist 
corrosion. Sometimes the blades are made of bronze and the boss 
of cast iron. 

Shape of the blades. Each blade may be considered as a 
small part of the thread of a screw of great pitch and depth. 
The simple screw first consisted of a part of a true helix cut off 
by two parallel planes perpendicular to the axis. By making a 
double helix, or double threaded screw, two blades were obUiined. 
After a time the forward edges were cut away to reduce vibra- 
tion and the blade gradually assumed the shape of the preseJit 
time. The form of each blade may be conceived by imagining a 
straight line revolving around another straight line perpendicular 
to it and traveling along the line while it revolves. 

The acting surface or front of the blade is the after face and 
the true screw surface, but the back or forward face has not the 
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tiTie screw surface on account of tlie thickness necessary for 
strength. Tlie best shape for screw propeller blades is largely a 
mutter of experiment. The form is pi-actically elliptical and the 
tiunsverse sections approximate semi-ellipses. 

It is remarkable that small changes in form often make a 
great difference in speed and power. 

Number of blades. Propellei-s are 
made with two, three and four blades. 
For smooth water the two-bladed propeller 
is efficient ; for rough water, when the boat 
pitches, three or four blades are more 
satisfactory. Three or four blades are the 
more common, as they have continuous 
action. Four is the most common for the 
merchant marine. It four blades are used 
and one becomes broken, the thi-ee remain- 
ing blades ai-e sufficient, but if the pro- 
peller lias but two blades and one of them 
is broken, the propeller, having but a single 
blade, is so badly balanced that the engines 
are severely -strained. 

Pitch ol screw. The pitch of a sci-ew 
propeller is the distance that a point ou a 
blade travel a in the direction of the axis 
during one revolution. It is the distance 
that the propeller will advance during one 
revolution provided there is no slip. A 
screw pi-opeller ia very similar to an ordi- 
nary wood or machine screw of coai-se 
pitch. In the case of a wood screw or 
cork screw, the screw advances a distance 
equal to the pitch during every i-evolution. 
Tlie pitch is often uniform, that is, the pitch is the same for 
all points on the blades. Sometimes the pitch is increased 
slightly toward the tips of the blades so that shock will l)e re- 
duced by making the action more gradual. 

Alteration of pitch. If a propeller is made in one solid 
casting, tliere is no way to alti-r tlie pitch. With most propellers 
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the blades are detachable, that is, they are made separate and 
bolted to the boss. The"^ holes in the blade flanges of large pro- 
pellera are made elongated so that the position of tlie blades may 
be altered slightly, thus changing the pitch. The allowable 
change in pitch is not greater than three or four feet even in 
large wheels. 

The pitch ratio is the ratio of the pitch to the diameter. 
Suppose a screw propeller is 143 feet in diameter and has a pitch 
of 21 feet, the pitch ratio is \^ = 1.31. 

To find the pitch. From the deflnition it is evident that to 
find the pitch of a propeller it is necessary to know ho\y far a 
point moves in a line parallel to the axis while it moves through a 
known angle. These two measurements may be found as follows : 

The tail-piece and cap-nut are first removed and a wooden 
bar of sufficient stiffness is fixed to the end of the shaft as shown 
in Fig. 42. The center of the bar should coincide with the center 
of the shaft and be made so that it caii move about the point O 
in a plane perpendicular to the axis of the shaft. In the lower 
portion of Fig. 42, R represents the radius bar, and in the upper 
portion O E and O F represent the center lines of O R. 

First, place O R in some position, O E for example. Then 
measure by means of a rod or in some other manner the perpen- 
dicular distance from E to the blade. This will be E E' in the 
lower portion of Fig. 42. Now move O R through a small arc 
as E F, and mark the angle EOF on the boss or measure it. 
Again measure the perpendicular distance from- the bar to the 
blade which will be F F'. Subtracting E E' from F F' leaves 
D F'. Now, D F' is parallel to the axis and is the distance that 
thef given point E moves in that direction while it moves through 
the arc E F. 

Suppose the angle EOF is 5| degrees or J^ of 860°, 
(360 4- o| == 64) and D F' is three inches. Then, while the 
point moves through ^^ of the circumference it moves 3 inches. 
In moving through the whole circumference it would move 3 X 
64 = 192 inches =: 16 feet in tlie direction of the axis. Hence 
the pitch is 16 feet. This mvy l)e expressed as a simple propor- 
tion, because E O F is the same fi-action of the complete circum- 
ference as D F' is of the pitch. Or, 
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E O F : 360 : : D F' : pitch. 

It may be more coavenient to measure E F than to measure 
the angle. Then, 

E F : 2 TT X O E : : D F' : pitch. 

This method assumes the pitch to be constant. If it is not 
constant and if it is desired to find the mean pitch, find the pitch 
in the manner described above for several points and then find 
the average pitcli. 

The Diameter of the Screw Propeller is the diameter of a 
circle described by the extreme end of the bUides if the pitch is 
zero. As in the case of a wood screw the diameter is the outside 
diameter. The area of this circle is called the disc area. 

Determination of Pitch and Diameter. There are many rules 
for determinhig the proper diameter and best pitch for propellers 
but they are of little value unless all the conditions are 'known 
and the conditions are similar to those in- vessels already built. 
Tlie diameter of the screw for a single screw steamer depends 
upon the amount of water the sttmmer draws aft. The screw is 
usually made large so that the pitch may be large and the engines 
run at moderate speed. 

The pitch is determined from the diameter. The allowable 
range of pitch ratio is considerable ; that is, there is no great 
change in efficiency for a slight change in pitch ratio. The best 
ratio seems to be between 1.1 and 1.5. Then for a wheel 14 feet 
in diameter, the pitch would probably be between 15 and 21 feet. 

Details. A modern form of screw propeller is shown in Fig. 
43. It consists of a boss B and three blades L which are bolted 
to it. The boss is made large, much larger than is necessary to 
fasten it to the shaft. The reason for making it large is that the 
portions of tlie blades near tlie boss are ineffective, that is, they 
simply churn the water without producing useful results. This 
churning is reduced by making the boss large. The boss is gener- 
ally made spherical or pear-shaped so that it will offer little resist^ 
unce while piissing through tlie water. The hole through the 
boss and the portion of the shaft T which carries the propeller is 
tapered. A longitudinal key K, prevents the propeller from 
rotating on the shaft. The end of the shaft is threaded and the 
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boss kept 111 place by the cap-uut N. This nut is secured by 
means of a keep-pljite or other device. 

A conical tail-piece C bolted to the end of the boss reduces 
eddying, prevents corrosion of the cap-nut and shaft and also pre- 
vents fouling by ropes. At the other end of the boss a stuffing- 
box prevents water from entering at the junction of the bi>8s and 
shaft. 

The flanges F of the blade are recessed into the boss and are 
bolted to it. The heads of the bolts are recessed into the flanges 
and covered with plates. By this means the spherical form is 
preserved. 

Action of the Propeller. When a screw propeller is revolv- 
ing in a given direction (for go-ahead motion for instance) the 
blades press on the water as the threads of an ordinary screw do 
upon the threads in the nut. The pressing of the blades on the 
water causes the water to be driven backward. The result of the 
reaction caused by projecting the mass of water stemward is the 
ahead motion of the boat. The useful work done by the propel- 
ler is that which forces the water directly sternward ; the move- 
ment of water in any other direction is waste power. 

Speed of the Screw. If the screw worked in an unjdelding 
medium, it would advance a distance equal to its pitch at each 
revolution. Hence the speed of the screw per minute is the pro- 
duct of the pitch and the number of revolutions per minute. 

Example. Suppose a screw is of 18 feet pitch and makes 72 
revolutions per minute. What is the speed of the screw in feet 
per minute and knots per hour? 

18 X 72 = 1,296 feet per minute. 
1,296 X 60 = 77,760 feet per hour. 

' _=zz 12.78 knots per hour. 



6,080 

However the water is a yielding medium and for this reason 
the pressure of the blades causes the WHter acted on to be driven 
back instead of remaining firm. Then the actual speed of. the 
ship (when referred to the undisturbed water at a slight distance 
from the ship) is less than tlie speed of tlie screw. This differ- 
ence is called slip. 

Slip is the difference between the speed of the screw and the 
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speed of the ship, rehitive to still water. It is expressed ia 
feet per minute and as a {)er cent, of the speed of the screw. 

Example. A ship is moving at the rate of 16 knots per hour. 
The screw has a pitch of 19 feet and makes 97 revolutions per 
minute. What is the slip ? 

10 X 97 = 1,843 feet per minute = speed of screw. 

. _-! = 1,621 feet per minute = speed of ship. 

Slip = 1,843 — 1,621 = 222 feet per minute, 
ooo 
= _1^ z= .1204 = 12.04 per cent. 
1,843 ^ 

Thia may be expressed algebraically as follows : 

Let S := speed of screw 
9 = speed of ship 
L = slip in feet per minute. 
Then 

L«S — « 

~ X 100 = slip expressed in per cent. 

The slip thus found is not the actual slip but the apparent 
slip. It is not the actual or real slip because the screw does not 
act ^u still water but in water that has been set in motion by the 
screw itself or by the hull. 

While the hull moves through the water, it sets in motion the 
water in contact with it ; the direction being the same as that of 
the ship. The water close to the ship has a greater forward 
velocity than that at a distance. Since this water has a velocity 
a little less than that of the ship it soon falls behind the hull and 
is found at the stern. Thus the water in which the propeller 
acts has a forward velocity. Also the velocity is influenced by 
the waves and eddies due to the lines of the vessel. On account 
of the many conditions that make the velocity of the wake vari- 
able, it is difficult to calculate it. 

When the propeller is considered it is evident that the con- 
dition of the water in which it works should be considered. Since 
the velocity is difficult to obtain, the real slip is not easily found. 

When slip is referred to it is generally the apparent slip that 
is intended and not the real slip. 



161 



60 



MARINE ENGINES. 





162 



MARINE ENGINES. Ql 

Apparent slip varies from 5 to 25 per cent., 15 to 20 being a 
fair average. The real slip is usually from 5 to 15 per cent, 
greater than the appai*ent« 

Nes^ative Slip. On account of the condition of the wake in 
which the propeller works, positive real slip is necessary. In 
some cases, the calculation has shown the apparent slip to be 
negative. This shows that the speed of the ship is greater than 
that of the propeller. If the real slip were small, 8 or 10 per 
cent, for instance, the apparent slip would probably be negative. 
There may be several reasons for negative slip, the most common 
one being the initial velocity of the wake. 

Experiments show that with small percentage of real slip, 
the efficiency is low; hence if the apparent slip is negative or 
zero, it is generally considered that the propeller is not working 
efficiently. 

In order to propel a large ship at a given speed the propeller 
must be large ; sometimes the ship dmws too little water for such 
a propeller. Also, there are other conditions which sometimes 
make it desirable t<i use two propellers instead of one. 

Twin-screws. Twin-screws are now common both in the 
navy and in the merchant marine. For twin-screws there are two 
separate engines, two shafts and two screws. These are placed 
on either side of the keel as shown in Fig. 44, which gives the 
arrangement of the shafting and bearings of a twin-screw ship. 
The bearings and cranks of the triple expansion engines are shown 
{it E and E'. The shafting consists of the crank shafts of the 
engines and the screw shafts or propeller shafts which run aft 
from the engines to the screws. The shafting is made in con- 
venient lengths and coupled together. The shafts are kept in 
place by means of bearings; main bearings at the engine, and 
screw-shaft bearings for the propeller shaft. The latter named 
bearings include the thrust blocks T and T', the ordinary inboard 
bearings I and I', the stern tubes F and F' and the outboard 
bearings O and O'. The stem tubes are fitted where the shafts 
pass through the hull. The propeller shafts are enclosed in the 
casings C and C which extend from the stern tubes to the out- 
board bearings which are supported on brackets. 

The shafting for large steamers is hollow, the internal diain 
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eter I)euig about one-half the external. A sligbt addition to the 
diameter makes the hollow shaft as stix>ng as the i^olid. 

Twin-screws have the following advantages : 

There being two screws, each may be of much less diameter, 
hence they may be run at greater speed, and for a given power 
the engines may be of shorter stroke. As the height of a vertical 
engine depends upon the length of stroke, engines for twin-screws 
need not be as high as the engine for a single screw. 

The engines for twinnscrews can be small as the necessary 
power for propulsion is divided ; this is an advantage in manu- 
facture. 

With two engines, a bulkhead may be placed between them, 
thus forming two water-tight compartments. 

If one engine is disabled the ship can be brought into port by 
the other. 

With two screws tiie vessel can be turned more easily by 
going ahead with one and astern with the other. Also it can be 
steered to some extent by means of the two screws. 

Triple Screws are used in very large vessels and in the navy. 
The triple screws give much the same advantages as twin screws. 
In the navy the center screw can be used for cruising, two for 
moderate speeds and all three for full speed. 

ENGINE ROOM FITTINGS, 

CYLINDER RELIEF VALVES. 

It frequently happens that water collects in the cylinders 
because of condensation or priming of the boilers. If this water 
remains in the cylinder, it is likely to cause excessive - strains 
or may even cause the cylinder heads to be blown off. To pre- 
vent accident, relief valves are often fitted to both ends of the 
cylinders. These valves are usually small spring-loaded safety 
valves as shown in Fig. 45. The springs are long so that the 
valves may have considerable lift without compiessing the spring 
too much. They are set to open at about fifteen or twenty pounds 
above the initial working pressure. 

Cylinder relief valves should be fitted to both ends of the 
cylinders of the main engines, although they are frequently 
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omitted from the top ends. These valves should be piped so that 
the hot water escaping from them will not scald those in attend- 
ance but will go to the condenser or the feed tank. Like other 
safety valves they should be provided with mean» for adjusting 
the tension of the springs and for locking them in position. Relief 
valves are also placed on feed pipes and the fiie system to guard 
i^inst split pipes in csise the valves do not open. 

DRAIN COCKS. 

In addition to the cylinder relief valves, di-ain cocks are 
fitted to the lower ends of the cylinders. They should be £tted 
to any part of the engine where 
water ia likely to collect, such as 
the cylinders, steam chest, jack- 
ets, etc. By means of the^iic cocks, 
the cylinders may be drained 
while the engines are being 
warmed or while starting. They 
usually discharge into the con- 
denser while under way or into 
the feed tank, thus saving the 
fresh water. The jacket drains 
often lead to a small vessel placed 
below the bottom of the cylinder 
and provided with a gage ghiss. 

Fig. 46. 
BV-PA5S VALVES. 

Compound, triple expansion and quadruple expansion en? 
gines are fitted with by-pass valves or auxiliary stai-ting valves. 
Auxiliary startinjf valves are tliose which admit steam dtreetly 
to the top and Iwttom of the cylinder without going through the 
receivers. This valve is a flat plate similar to a plain slide valve 
but without the exliatist cavity. It slides on a flat seat and the 
two ports communicate with tlie two ends of the cylinder. It ia 
moved by means of a hand lever; if the lever is moved in one 
direction the valve admits steam to one end and when moved in 
the opposite direction steam is admitted to the other end. The 
levers are often arranged to move in th^ direction that tlie steam 
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will move the piston. AVith these valves a triple expansion engine 
may be started if the valve of the high pressure cylindtT covers 
both ports. 

By means of the by-pass valves, live steam is admitted to the 
receivcTH so that the engines may be warmed l)efore starting or easily 
started if lx)th ports to the high prt\ssiire cylinder are closed, or if 
the high pressure crank is on dead center. As the steam is admitted 
to the receivers, it finds its way to the pn)j)er side of the pistons 
through the main valves. Thus it is not necessarj' to consider in 
which direction the piston is to move. 

Starting by in(*ans of by-pass valves is slower than with auxiliary 
starting valves because the steam must first fill the receivers as well 
as the cylinder space on one side of the piston; also it increases the 
back pressure on the preceding piston, since that cylinder is in 
communication with the receiver by means of the exhaust cavity. 
The by-pass valves are often used, mainly l)ecause of their simplicity 
and the freedom from error. 

RFXEIVER SAFETY VALVES. 

The receivers are sometimes constructed for a working pres- 
sure somewhat less than that of the high pressure cylinder In 
starting, or in case the preceding valve were to get off its seat or 
should l)ecome l)roken, steam pressure is likely to accumulate in 
the receiver and exceed the allowable pressure. To relieve the 
pressure, small safety valves are fitted to the receivers. They dis- 
charge the steam into the engine room and so give warning of exces- 
sive pressure*. 

For an initial stcim pressure of alK)iit 150 pounds, the safety 
valves on the intermediate and low pressure receivers should be 
set to blow at alK)ut SO pounds and 30 iK)unds respectively. 

The pressures in the receivers are shown by pressure gages, 
'^riiese gages are of tlu* same form of construction as those used 
on the lK)ilers, an<l arc often ])ip<Ml so thc^y may be seen from the 
starting platform. 

JACKING GEAR. 

In order that the engines may be turned over when not under 
steam, a large worm wheel is keycnl on the after end of the crank- 
shaft. In small engin(\s, the jacking whec»l may have holes or rev- 
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cesses in the rim so that it may be turned by means of a crowbar, 
or it may be turned by a ratchet and lever. For large engines, a 
small auxiliary steam engine is fitted on the frame to work the worm, 
so the engines may l)e turned rapidly in case of adjustment or repairs. 
AATien not under steam, the engines should be turned over daily to 
keep them in good condition 

The worm and worm wheel must be so arranged that when the 
engines art* under steam the worm may be disconnected. 

REDUCING VALVES 

The main l)oilers usually carry a steam pressure much higher 
than that used in the auxiliary engines. Although it is usual to 
supply auxiliary engines fn>m auxiliary b. ilers or donkey l)oilers, 
yet it frequently happens that steam must l)e taken from the 
main steam pipe to run the steering-engine, electric-lighting 
engine, winches, etc. Also the pressure in the steam jackets is 
usually somewhat less than that of the boilers. To reduce auto- 
matically and retain the pressure for these purposes, reducing 
valves are fitted. There are several forms of reducing valves used, 
the Foster valve as descril)ed in "Marine Boilers" being the most 
common. 

Frequently a small safety valve is placed on the low pressure 
side for relief in case the reducing valve gets out of order. Pressure 
gages are also fitted on the discharge side and scimetimes on both 
sides. Reducing valves are especially desirable for dynamo engines 
or where high pressure water-tube lx)ilers are used; if the pressure 
in the lx)ilers varies, the reducing valve will keep it constant in 
the auxiliary engine for the close regulation necessary for electric 
lighting. 

MAIN INJECTION VALVE. 

The holes below the water line in the hulls of vessels nnist 
1m» fitted with valves to control the flow of water. In the case of 
the inlet for the condensing water for the circulating-pump, the 
Kingston valve was the one most commonly fitted. This valve 
is simply a conical valve opening outward so that the pressure of 
water keeps it closed. The valves are fitted with long spindles 
so that they may be opened and closed inside the ship. This 
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foim of valve was much used for wooden sliips and is sometimes 
used for steel vessels. The ordinary screw-down valve is, how- 
ever, frequently used in steel vessels as it is lighter and cheaper, 
and the Kingston valve lias no especial advantage for such hulls. 

Tlie screw-down valves close against the pressure of water. 
In case of fnicture, the sea-water will close the Kingston valve 
but will rush into the hull if the screw-down valve is used. 
Thus the former will automatically prevent the sinking of the 
ship. If the screw-down valve breaks, the inrush of sea-water 
may be reduced until. repairs can be made, by passing a tarpaulin 
over the side and secuiing it over the opening. 

The opening in the skin of the ship is provided with a 
stiuiner or grating of large area, to prevent sea-weed and other 
foreign matter from entering the pumps. 

It is a good plan to fit a screw-down valve inside the ship 
near the sea-valve for additional security. This is especially de- 
sirable in case the main injection valve is a screw-down valve. 

BILGE SUCTION. 

As stated in discussing condensers, most vessels are piped so 
that tlie circulating-pumps can pump from the bilges as well as 
from the sea. This may be done by having pipes lead from the 
bilges to the main injection pipe. This bilge suction pipe is pro- 
vided with a non-return valve, called the bilge injection valve, so 
that in case of a leak water may be dmwn from the bilges and 
discharged overboard. When pumping from the bilges the sea- 
v«alve is closed and the bilge injection valve opened. This valve 
is similar in construction to an adjustable lift feed valve. When 
pumping from the bilges, this valve will allow water to pass from 
the bilges to the pumps, but Avhen the pumps are drawing from 
the sea, the sea water holds the' valve down. 

Tlie end of the bilge pipe should always be provided with a 
strainer, so that waste, chips, etc. will not enter the pumps. 
Bilge piping is almost always ot lead as it is dumble and easily 
fitted. The bilge water corrodes iron quickly unless it is well 
protected. Lead bilge piping should be inspected frequently 
because being easily flattened and dented it may be damaged so 
as to prevent or greatly reduce the flow of water. 
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DIRECTING-BOX. 

To simplify the bilge piping and to allow the various pumps 
to draw water without complex piping, all the bilge suctions are 
usually led to a rectangular box or chest called the directins^-box, 
mud-box or communication-box. This is a rectangular, closed 
cast-iron chest, situated in the engine-room near the pumps. It is 
divided into two compartments by a strainer. All the suction 
pipes of the various pumps are connected to one end of this box 
by valves. The bilge pipes are connected to the other end by 
valves or stop-cocks. Thus any pump may. draw from any bilge 
through the same pipe if the valves are properly arranged. As 
this box has considerable capacity the velocity of the water will 
be slight, and consequently the sediment will either be deposited 
or caught by the strainer. The cover should be easily removed, 
80 that the interior may be examined and the strainer cleaned. 

DELIVERY VALVES. 

Delivery or discharge valves should be fitted to each outboard 
delivery pipe at the outlet. This valve is simply a check-valve or 
non-return valve having a spindle passing through the covers, so 
that they may be lifted or pressed down on the seats. It is 
arranged so that water may be discharged from the ship but no 
sea-water can flow back. If the valves have no external spindles, 
no one knows whether or not they are shut 

WATER SERVICE. 

In order to supply cold water to the thrust-block, crosshead 
slides, eccentrics, and the various bearings, a system of piping is 
installed. The pipes lead from the sea, condenser, or from a donkey 
pump to the points where the water is needed. Water for the 
bearings and the various parts of the engine is usually taken from 
the sea, while the water for the thrust-bearing is taken from the 
stem tube or from the sea. If the water is taken from the sea, 
the pressure is sufiicient to cause the flow. In case of stoppage a 
pump is put in to clear the pipes. 

In large ships a fire main runs around the ship ; from this 
pipe branches lead to the various stations. The fire system 
carries a pressure of 25 to 40 pounds, and is useful for washing 
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decks and flushing. The system is piped both from ihe sea and 
from the bilges. 

nANAQEMENT OF ENGINES. 

It is of great importance that the chief engineer and all of 
the assistants should be familiar with tlie machinery of the ship. 
The steam and exhaust pipes, both mam and auxiliary, and the 
location of the valves should be traced ; also the feed pi[)es to the 
boilers, and the piping to the condensi re. It is necessary that 
each officer should know the function of eveiy pump and the pip- 
ing from the bilges. Unless the engineer on watch is well 
acquainted with all the machinery he cannot act promptly in case 
of emergency but will be compelled to send for the chief or find, 
someone under him who can furnish detiiiled knowledge of the 
part in question. The promptness and confidence with which he 
can act at all times depend upon his knowledge of all the parts 
of the machinery. 

Before Starting, Just what to do before starting depends 
largely upon the prevailing conditions and the arrangement of the 
machinery. In general the following should be observed : 

All gear used in port or for repaira should be stowed away 
and all covers replaced. Sucli valves as the inlet and outlet valves 
of the circulating pump and all valves to bilge pipes should be 
tried and put in proper condition. The outboard delivery valves 
from all pumps should receive especial attention. The valves to 
jackets and the bulkhead and regulating valves should be opened 
and inspected. The valves in the main steam pipe should not be 
closed tightly or they will be set fast when steam enters. 

The oil-cups and lubricators should be exammed and put in 
good working order and the necessary worsteds adjusted. 

The various joints should be inspected and the glands packed. 

Pressure and vacuum gages should be connected and the shut- 
off cocks tried. 

The bright parts of the machineiy that are likely to become 
splashed with ^vater should be oiled. 

Auxiliary engines should be tried by steam if possible; if 
not, by hand. Such auxiliaries as the steering engine, circulating 
engines and the electric-lighting engines should receive careful 
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attention. In all cases, the reversing engine should be tried 
before using the main engines and before entering port it should 
%gain be tried to make sure that it works properly. 

The main engine should be oiled at all the rubbing and ro- 
tating parts. 

An important item is the examination of the crank-pits and 
all the working parts. If these parts are not examined, some 
obstruction may prevent the engine from starting. The main 
engines should be turned through at least one revolution, both 
ahead and asteni, by hand. 

In case forced draft is used with closed stokeholds, the di-aft 
gages should be cleaned and filled with water and the air-tight 
doors should be examined and rigged. The fans should be care- 
fully oiled and adjusted. 

To Start the Eng^ine. In starting an engine the engineer in 
charge must use the knowledge gained from experience as no set 
rules will apply to all engines. For instance, a small single 
cylinder engine is not started in the same manner as a large triple 
expansion engine. In the following we will consider the types of 
machineiy most used — the triple expansion engine and surface 
condenser. 

In general, to start an engine it is firat necessary to wann 
the cylinders and form a vacuum in the condenser ; the engine 
can then be started by admitting steam to the cylindera. 

To form the vacuum. It is usual to fit an independent cir- 
culating-pump so the Kingston or sea-valve should be opened and 
the discharge valve tested to see if it lifts readily. The circulat- 
ing-pump is then started so that the condenser will not become 
heated by the drains and exhaust steam. The auxiliary air-pumps 
sliould then be started to keep the main and auxiliary condensera 
free from water and to form a partial vacuum. If the aii'-pump 
for the main condenser is independent, it may be started so as to 
form a vacuum. 

To warm the engines, all cylinder, receiver and steam chest 
drains are put in communication with the condenser. In order to 
asceitain whether or not the drains are working properly a by-pass 
arrangement is often fitted. This arrangement connects the 
drains to the bilges. The jackets are usually trapped to the hot 
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well or feed tanks but can be drained directly to the bilges. If 
all the drains are in order, open slightly the throttle valve and all 
valves in the main steam pipe. This will admit a little steam to 
the high pressure steam chest. Steam is also admitted to the 
jackets to assist in warming the cylindei-s. 

Now open the by-pass valves a little to admit steam to the 
receivers. The steam in the receivers finds its way into the 
cylinders and helps in the warming up. To warm both ends of 
the cylinders move the valve gear back and forth slowly from full 
gear* ahead to full gear astern. This is done by moving the 
Weight shaft by means of the worm and wheel. Th6 throttle may 
now be opened a little wider, enough to set the engine in motion^ 
By means of the revei-sirig gear the cranks can be made to move 
back and forth without making a complete revolution. 

We will assume that the engine is thoroughly warm and (as 
the drains are open) free from water. Steam is in the jackets, 
and the starting-engine and starting-valves ready. The centrif- 
ugal pump is at work circulating water through the condenser 
and either the auxiliary air-pump or an independent air-pump is 
at woik. 

To start the engines run the links into full gear ahead or 
astern and open the throttle valve. In case the engines do. not 
start, use the by-pass or auxiliary starting valves. The engines 
should be started slowly and the speed gradually increased by 
admitting more steam. After the engines have made about 200 
revolutions the drain cocks may be closed. 

Marine engines may fail to start from many causes, but if 
proper precautions are observed before trying to start there should 
be no difficulty; 

Among the causes which are not apparent from the exterior 
are: 

The throttle valve spindle may be broken. 

The high pressure valve (if a slide valve) may be off its seat 
and admit steam to both ends. 

The engine may lie gagged ; that is, the throttle will supply 
steam to one side of the high pressure cylinder and the by-pass 
valves admit steam to the opposite side of the intermediate or low. 
In tliis case the engine will not move, as the pressures are equal. 
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ized. In using the by-pass valves, the valve or valves should be 
used which will produce a turning moment on the shaft. Let us 
suppose that both the high and low pressure valves cover the ports, 
and the intermediate slide valve is in such a position that steam 
can enter that cylinder. If now the throttle is opened, the engine 
will not start because both ports are closed. If the by-pass valves 
to both receivers are opened, steam will be admitted to the proper 
side of the inteimediate piston. Also the steam in the low pres- 
sure receiver will find its way through the exhaust cavity of the 
low pressure slide valve to the other side of the intermediate 
cylinder. The result will be that the engine will not start because 
the high and low are not available for starting and the pressures on 
the intermediate piston will balance. In this case steam should be 
admitted to the intermediate receiver only. If steam is admitted 
to the low pressure receiver only, it tends to force the intermediate 
valve off its seat. 

The opening of the wrong starting valves will frequently 
produce a similar situation. 

If the engine has become gagged, it should be freed from 

jateam. This may be done by closing the throttle and moving the 

link to the opposite extreme position. The engine can then be 

started in this direction and then be quickly reversed; or it may 

be started in the proper direction if the mistake is not repeated. 

The valve stem may have become broken inside the chest 
or the valve may have become loose on the stem. 

One of the eccentrics may be broken or slipped on the shaft. 

Bearings set up too tightly or too much compression on the 
packing in stuffing boxes often prevent starting. 

The propeller may be fouled by a rope or other obstruction. 

The turning gear may not be disconnected; that is, the worm 
may still be in gear with the worm wheel. 

After the engine has been running for a short time, the fol- 
lowing adjustments should be made : 

The speed of the feed pumps to maintain the proper water 
level in the boilers. 

The supply of circulating water to the main condenser. The 
amount of circulating water should be such that the temperature 
of the feed will be from 90® to 125°, averaging about 110°. 
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The amount of circulating water around the main bearings 
should be reduced as low as possible to relieve the work of the 
bilge pumps. 

The pressures in the steam jackets and the valves in the 
drains should be regulated. • 

Lubrication of Bearins^s. The oil cups on bearings require 
special attention. The caps of lubricators should be kept in 
place on the oil cups to prevent dirt and water fi-om entering. 
The lubricators should be examined frequently because the pipes 
and passages are likely to become clogged with dirt or the worsteds 
may work downward and fill up the oilways. 

Crank-piu bearings are lubricated by a wiper on the crank- 
pin box with the oil cup over it. Both crank-pins and eccentrics 
are frequently oiled by a centrifugal lubricator already described. 

Internal Lubrication. In most engines the steam is sufficient- 
ly wet to insure internal lubrication. For this reason, very little 
oil is supplied to the cylindei-s. In many modern engines no 
lubricators are fitted. In case they are fitted, they should be of 
the sight-feed type as explained in discussing the Steam Engine. 
It is advantageous not to use oil in the cylindei-s as it is then 
much less trouble to keep the boilers free from grease. 

Hot Bearin^^s. There are many causes for hot bearings. 
The most common cause is dirt. To prevent the accumulation of 
dirt in the bearings the engine room should be kept clean and the 
oil cups and pipes kept clean. The bearings should be opened 
and cleaned whenever convenient. 

Insufficient and improper lubrication will almost always 
cause heating. If tlie oil entei-s at the top where the pressure is 
greatest, suitable oil ways should be cut to allow tlie entrance of the 
oil. Another method is to lead the oil to a point of low pressure^ 

Otlier causes are improper adjustment or alignment and de- 
ficient surface. These defects lead to excessive pressure in some 
parts which causes heating. 

In many large, modern engines, the main bearings have the 
castings cored out so that water circulates through the bearing 
continuously but does not come in contact with the rubbing sui- 
faces. Ill the caps there are holes to allow the hand to feel of 
'the bearings and to allow air to circulate. The tempera tui-e of 
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the circulating water and the hand test indicate the condition of 
the bearing. 

In case a bearing tends to become too warm the amount of 
circulating water i^ increased. In ^^trenie cases of heating, th«* 
bearing may be flooded with water, thus washing out all of the 
dirt and reducing the tem{:)erature. If this water douche is used, 
plenty of oil should be supplied and tlie bearing given careful 
attention. 

It may be necessary to slack back the nuts on the caps for a 
short time, but they should be slacked but little or there will be 
pounding. Sometimes the power distribution may be temporarily 
altered, that is, the power given out by any one cylinder may be 
decreased, and the power given out by the othera increased by 
running the link in or out and adjusting the expansion gear. It 
may even be necessary to reduce the speed for a time, but this is 
not done unless necessary as it causes delay. 

If the bearing is discovered to be hot the water service should 
not be applied as the sudden cooling may cause fracture. In this 
case the engine should be slowed down or stopped and the bearing 
cooled with oil, sulphur, or a mixture of soft soap, water and oil. 

Bearings that are lined with white metal should receive 
special attention as the white metal soon becomes plastic and 
melts at about 400®F. 

The water douche should be used only in extreme cases and 
with caution because it may cause fracture and is likely to corrode 
and destroy the bearings. If water must be used, the parts should 
be cleaned and oiled as soon as the engines stop. 

Hot Rods. Piston-ro<ls and valve-rods are often kept lubri- 
cated by means of a large brush called a swab. Frequently in 
starting, a man with a swab is stationed to keep the rods cool. If 
these rods become warm because of tight glands, they may be 
cooled by slacking back the gland and applying water and oil 
by means of a swab or syringe. If the rod is hot and water 
applied, one side may be cooled and shortened ; the result will be 
a bent rod. Instead of water, the engines should be eased. It 
the rod cannot be felt, a few drops of oil or water syringed on the 
rod will show whether or not it is hot. If hot, the water will hiss 
or the oil will burn and cause smoke. 



165 



74 MARINE ENGINES. 

As with bearings, piston-rods that are packed with metal 
packing should receive careful attention, as the packing may run 
and cut the rods. The principal causes for hot rods are glands 
too tight or not properly packed, piston-rod not in line and insuffi- 
cient lubrication. 

Knocks. Bearings should be adjusted while tlie engines are 
running. If a bearing is loose it will knock at both ends of the 
stroke. Usually knocks can be located by the sound or by the 
feeling. Knocking in the cylinder may be due to a loose or broken 
piston ring, piston loose on the rod or a nut or bolt loose. If 
knocking .occurs, open the cylinder and jacket drains, to be sure it 
is not due to an accumulation of water. If the noise continues at 
various speeds it is probably due to looseness of the piston rings. 
If this is the case the ring must be rescraped and fitted. 

Jackets. The pressures in the jackets should be maintained 
at the desired amount. The jacket drains are led either to the 
condenser or to the feed tank. If led to the feed tank the tem- 
perature of the feed water is then raised. The jackets should be 
well drained, as water causes a cracklmg noise at each stroke. 
The remedy is to open the drains wide, and when clear of water, 
regulate the drain valves by increasing the opening. 

Bilges. The bilge pumps should be at work constantly while 
the vessel is steaming, so that water will not accumulate in the 
bilges or crank pits. The crank pits should not be in communi- 
cation with the bilges, or the oil from the crank pits will be spread 
over the bilges. If the stokehold bilges empty into the engine 
room bilges the bilge water should be strained, on account of the 
fine coal in the stokeholds. Strainers should be carefully attended 
to, as fine coal, waste and articles carelessly left in the bilges are 
likely to choke them. It is considered good practice to pump 
from wells about 8 inches deep, formed in the bilges and covered 
with strainers. 

Linking Up. When starting, the links are placed in full 
gear. When running at the required speed the engine is linked 
up so that the expansive working of the steam may be utilized. 
The best position of the links for a given speed is determined by 
experience. Trial will show at what position the engine will run 
smoothly, economically and witliout too much noise. The throttle 
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valve should be ^vide open so that steam will enter the high pres- 
sure chest at nearly boiler pressure. If the engine is running at 
reduced speed it is a good plan to link up the high pressure engine 
by the use of the block in the slot of the arm on the weigh shaft. 
This will increase the total ratio of expansion but will not reduce 
the port opening of the intemiediate and low pressure cylinders. 
If there is any probability of a change in speed, the engineer in 
charge should see that the starting engine is wanned and drained 
from time to time and be sure that it is ready for use. Grunting 
of the slide valves is sometimes 
stopped by running the links 
into full gear for a shoi-t time 
then adjusting them in a slightly 
different position. 

riarkinjcoff Nuts. In order 
to have a record of adjustments 
and to aid in adjusting bearings 
the following marks are made. 
At each corner of the hexagonal 
nut near the face that bears on 
the washer, a number is stamped 




TT 



2 / 

I'i'i'rri'i 



TT 



:-.l09676S432 10 



^ 





Fig. 46. 



as shown in Fig. 46. The washer is prevented from moving 
by some device. A part of the circumference of the washer 
is marked off in say 10 divisions about one-half inch apart 
These divisions are then sub-divided and numbered. It is then 
easy to record the position of tlie nut by noting what number on 
the washer coincides with the corner of the nut. Thus, 1 on 1 i- 
or 2 on 8 J. 

Refittin^^ Bearins^s. To find out whether or not a bearing 
necMls refitting and to ascertain the amount of play, a lead is 
t4iken. The cap is first removed and a piece of lead wire is laid 
along the journal pai-Jillel to the axis. Some engineers place two 
pieces around the journals near the ends and othei-s place them 
diagonally. The caj) is then replaced and screwed down hard on 
the liners. Tlie cap is again removed and the leads taken out 
and examined. They should l)e flattened uniformly. The thick- 
ness shows the clearance. If the marks on the nuts at which the 
leads were taken are noted they may be compared ^vith the marks 
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and leads taken sometime afterward and the location and extent 
of wear known. 

If the leads show that the bearing needs refitting, the caps 
are first removed and the journal, caps and oilways cleaned. The 
journal is then carefully calipered and if found oval, cut or rougli, 
should be filed all over until smooth and true. This process 
requires considerable care and skiH for the new surface must be 
concentric with the axis. The filed surfaces are smoothed bv 
nn oil stone or emery. If emery is used, care must be taken to 
clean all surfaces. 

After the journals are in proper condition the brasses, if used, 
are fitted by filing and scraping. A little red lead smeared on the 
journal will assist in the fitting.' The brasses should be eased 
away at the sides as the metal at those points is of no assistance 
but increases the friction. 

If the bearings are lined with white metal they must be 
relined when the white metal is worn through. To do this a 
mandrel of the same size as the journal is placed in position in the 
bearing and the molten metal poured in or the strips of white 
metal are hammered into the recesses. The metal stands clear 
of the brass about ^ inch when finished. 

STOPPING, 

When near port the fires should be burned light so that there 
will be no difficulty in keeping the steam pressure down. If the 
pressure rises when the engines are slowed down there may be an 
unnecessary waste of fresh water on acc^ount of the blowing of the 
safety valve ; the loss of fuel will also be considerable. 

Before entering port have all ashes dumped overl>oard and 
pump out all the water possible from the bilges. The reversing 
and capstiin engines should l)e warmed ready for use. When tlie 
engines are slowed down, the water service should be shut off and 
the oil supply increased to prevent rusting of the l)earing8 while 
in poi-t. The pressures in the receivers and jackets should l)e 
watched as they have a tendency to rise when the engines slow 
down. 

When the engines are done with, the valves in the main 
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steam pipe and the jacket valves sliould be closed but not too 
suddenly ; the steam should then be allowed to escape from tlie 
pipe or used up by the reversing or other auxiliary engine. All 
drains and receiver relief valves should then be opened and steam 
shut off from the steering and reversing engines. 

The hand turning gear may be put in gear as soon as there 
is no steam left in the engine room main steam pipe. The engines 
should now be cleaned while warm by wiping down the lods and 
shafting with cotton waste and oiling the bright parts to prevent 
rusting. 

In case the engines are stopped suddenly, notice should 
be immediately given in the fire room so that the draft may be 
checked and the evaporation reduced. If the water level is low, 
water should be pumped into the boilers. Every precaution should 
be taken to prevent an over-supply of steam but if it is impossible 
to prevent the rise of pressure the excess of steam may be used in 
the evaporators, distillers, etc., and in pumping out bilges and 
crank pits. The engines should be kept warm and well drained 
so as not to cause delay in starting. If the air-pump is worked 
by an independent engine, it should be kept working for a time 
so that the condenser will not be flooded with water and injure 
the air-pump. If the air-pump is worked from the main engine, 
it will of course stop as soon as the engines stop ; in this case j)ut 
on a feed-pump to keep the condenser free from water. The 
circulating engines mfty be stopped soon after the engines stop. 

As in the case of entering harbor, watch receiver and jacket 
pressures and stop the supply of water to l)earings, etc. If there 
is any chance of starting again soon, keep the reversing engine 
warm and well drained. 

If the stay in port is to be long, the main condensers and air- 
pumps should be well drained and several of the boilera may be 
cleaned and repaired if necessary. The fires should be allowed to 
burn them:;.elves out gradually. If the stop is for a short time, 
the fires should be banked. 

EnERQENCIES. 

What to do in emergencies depends upon the arrange- 
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ment of the machinery. The kind of engine, number of engines 
and arrangement and capacities of the condensei*s and auxiliary 
machinery often determine whatcourae to pursue in case any part 
breaks or gets out of position. 

Cylinder Head Broken. If a cylinder head breaks it should 
be repaired if proper means are at hand. If it cannot be repaired, 
the steam port which admits steam to that end may be blocked up 
by driving in plugs of soft pine and the engine run single acting. 
This is comparatively simple if the valve is a plain slide but with 
a piston valve the many jK)rts make it more difficult. If a cylinder 
head of a triple expansion engine breaks, and one engine must run 
single acting, the expansion gear should be arranged so that the 
work will be properly divided. 

Fracture In the Crank Shaft. -What to do in this case 
depends upon many conditions. If the engina is of the multi- 
cylinder type, and the crank shaft is made in interchangeable 
lengths, fit the spare length in place of the disabled one. In case 
no spare length is carried and tlie crank shaft of the low pressure 
engine is damaged slightly, change the low pressure length to the 
high pressure engine and place the high pressure length in place 
of the low. The low pi-essure length transmits the most power. 
If the damage is considerable, such as the breaking of the cmnk- 
pin, the length cannot be used and the high pressure engine must 
be disconnected. If the pumps are worked from the high pressure 
crosshead, repair the broken shaft, place i# in the high pressure 
engine and block up the steam ports to the high pressure cylinder. 
The power is then developed in the intermediate and low pressure 
cylinders; the amount of power transmitted to the high pressure 
crank shaft being just suflicient to work the pumps. Probably it 
will l>e necessary to run the engines slowly because of the weak 
shaft. 

Piston Broken. If the piston, piston-rod or valve stem 
l)ooomeft broken and cannot be repaired, the damaged engine must 
be disconnected and the power furnished by the others. 

Air-Pump Broken. In case the air-pump breaks and cannot 
be repaired the exhaust may be carried to the deck and the 
engines run non-condensing. This is a great disadvantage if the 
amount of fresh water carried is slight and the ship is far from 
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port. In case no separate exhaust is possible, the auxiliary aii^ 
pmnps may be connected and the ship proceed. In most cases, 
however, the auxiliary air-pumps are not of sufficient capacity to 
remove all of the condensed exhaust steam and the air ; therefore 
no vacuum will be carried but the condensation may be returned 
to the boilers. 

Bent Piston-Rod. In the case of a small rod and a long 
slight bend, the rod Inay be straightened by placing it in a lathe 
and applying a powerful lever. A large rod or one with a quick 
bend, should be heated to a dull red in a wood fire. The rod is 
then placed in a large lathe and straightened by a hydraulic jack. 
In doing this work care must be taken that the rod is not heated 
too hot, does not scale and the points of contact are protected by 
copper plates. 

Eccentric Broken. If the go-ahead eccentric or eccentric rod 
breaks and cannot be repaired, the go-estem eccentric can be 
shifted in its place. The engine will now run ahead but cannot 
be reversed. The go-astern end of the links must be kept fi-om 
dropping by some flexible support such as a rope or chain. 

Another method is to disconnect the connecting-rod from the 
crank-pin and crosshead of the disabled engine, and block up the 
steam ports so that the steam will flow to the other cylinders 
by the shortest passage. The piston should be secured on the 
bottom of the cylinder. The valve should be removed. After 
removing the broken valve gear the engine is ready to start. This 
method may be used if the pumps ai-e worked from the low pres- 
sme crosshead and the low pressure engine is intact. If, how- 
ever, the high pressure eccentric is broken and the pumps are 
worked from that crosshead the same method may be pursued as 
described for a fractured crank shaft. That is, the valve gear 
should be removed, the ports blocked and the piston, the piston- 
rod, crosshead and connecting-rod left in place. The moving 
parts of the high pressure engine will then work the pumps by 
means of the power transmitted to the high pressure crank. The 
engine must be run slowly but can be revereed. 
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HEATING AND VENTILATION 

PART I 



SYSTEMS OF WARMING 

Any system of warming must include, first, the combustion 
of fuel, which may take place in a fireplace, stove, or furnace, or a 
steam, or hot-water boiler; second, a system of transmission, by means 
of which the heat may be carried, with as little loss as possible, to the 
place where it is to be used for wanning; and third, a system of dif- 
fusion, which will convey the heat to the air in a room, and to its 
walls, floors, etc., in the most economical way. 

Stoves. The simplest and cheapest fonn of heating is the stove. 
The heat is diffused by radiation and convection directly to the objects 
and air in the room, and no special system of transmission is required. 
The stove is used largely in the country,' and is especially adapted 
to the warming of small dwelling-houses and isolated rooms. 

Furnaces. Next in cost of installation and in simplicity of 
operation, is the hot-air furnace. In this method, the air is drawn 
over heated surfaces and then transmitted through pipes, while at 
a high temperature, to the rooms where heat is required. Furnaces 
are used largely for warming dwelling-houses, also churches, halls, 
and schoolhouses of small size. They are more costly than stoves, 
but have certain advantages over thationn of heating. They require 
less care, as several rooms may be warmed from a single furnace; 
and, being placed in the basement, more space is available in the 
rooms above, and the dirt and litter connected with the care of a stoye 
are largely done away with. They require less care, as only one fire 
is necessary to warm all the rooms in a house of ordinary size. One 
great advantage in the furnace method of warming comes from the 
constant supply of fresh air which is required to bring the heat into 
the rooms. While this is greatly to be desired from a sanitary stand- 
point, it calls for the consumption of a larger amount of fuel than 
would otherwise be necessary. This is true because heat is required 
to warm the fresh air from out of doors up to the temperature of the 
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rooms, in addition to replacing the heat lost by leakage and conduction 
through walls and windows. 

A more even temperature may be maintained with a furnace 
than by the use of stoves, owing to the greater depth and size of the 
fire, which allows it to be more easily controlled. 

When a building is placed in an exposed location, there is often 
difficulty in warming rooms on the north and west sides, or on that 
side toward the prevailing winds. This may be overcome to some ex- 
tent by a proper location of the furnace and by the use of extra large 
pipes for conveying the hot air to those rooms requiring special at- 
tention. 

Direct Steam. Direct steam, so called, is widely used in all 
classes of buildings, l)oth by itself and in combination with other 
systems. The first cost of installation is greater than for a furnace; 
but the amount of fuel required is less, as no outside air supply is 
necessary. If used for warming hospitals, schoolhouses, or other 
buildings where a generous supply of fresh air is desired, this method 
must be supplemented by some form of ventilating system. 

One of the principal advantages of direct steam is the ability 
to heat all rooms alike, regardless of their location or of the action 
of winds. 

When compared with hot-water heating, it has still another 
desirable feature — which is its freedom from damage by the freezing 
of water in the radiators when closed, which is likely to happen in 
unused rooms during very cold weather in the case of the former 
system. 

On the other hand, the sizes of the radiators must be proportioned 
for warming the rooms in the coldest weather, and unfortunately 
there is no satisfactory method of regulating the amount of heat in 
mild weather, except by shutting off or turning on steam in the radia- 
ators at more or less frequent inter\^als as may be required, unless one 
of the expensive systems of automatic control is employed. In large 
rooms, a certain amount of regulation can be secured by dividing 
the radiation into two or more parts, so that different combinations 
may be used under varying conditions of outside temperature. If 
two radiators are used, their surface should be proportioned, when 
convenient, in the ratio of 1 to 2, in which case one-third, two-thirds, 
or the whole power of the radiation can be used as desired. 
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Indirect Steam. This system of heating combines some of the 
advantages of both the furnace. and direct steam, but is more costly 
to install than either of these. The amount of fuel required is about 
the same as for fupnace heating, because In each case the cool fresh 
air must be warmed up to the temperature of the room, before it can 
become a medium for conveying heat to offset that lost by leakage 
and conduction through walls and windows. 

A system for indirect steam may be so designed that it will supply 
a greater quantity of fresh air than the ordinary form of furnace, in 
which case the cost of fuel will of course be increased in proportion to 
the volume of air supplied. Instead of placing the radiators in the 
rooms, a special form of heater is supported near the basement ceiling 
and encased in either galvanized iron or brick. A cold-air supply 
duct is connected with the space below the heater, and warm air pipes 
are taken from the top and connected with registers in the rooms to 
be heated the same as in the case of furnace heating. 

A separate stack or heater may be provided for each register if 
the rooms are large; but, if small and so located that they may be 
reached by short nms of horizontal pipe, a single heater may serve 
for two or more rooms. 

The advantage of indirect steam over furnace heating comes from 
the fact that the stacks may be placed at or near the bases of the flues 
leading to the different rooms, thus doing away with long, horizontal 
runs of pipe, and counteracting to a considerable extent the effect of 
wind pressure upon exposed rooms. Indirect and direct heating are 
often combined to advantage by using the former for the more import- 
ant rooms, where ventilation is desired, and the latter for rooms more 
remote or where heat only is required. 

Another advantage is the large ratio between the radiating sur- 
face and grate-area, as compared with a furnace; this results in a large 
volume of air being warmed to a moderate temperature instead of a 
smaller quantity being heated to a much higher temperature, thus 
giving a more agreeable quality to the air and rendering it less dry. 

Indirect steam is adapted to all the buildings mentioned in con- 
nection with furnace heating, and may be used to much better advan- 
tage in those of large size. This applies especially to cases where 
more than one furnace is necessary; for, with steam heat, a single 
boiler, or a battery of boilers, may be made to supply heat for a build- 
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ing of any size, or for a group of several buildings, if desired, and is 
much easier to care for than several furnaces widely scattered. 

Direct-Indirect Radiators. These radiators are placed in the 
room the same as the ordinary direct type. The construction is such 
that when the sections are in place, small flues are formed between 
them; and air, being admitted through an opening in the outside wall, 
passes upward through them and becomes heated before entering the 
room. A switch damper is placed in the casing at the base of the 
radiator, so that air may be taken from the room itself instead of 
from out of doors, if so desired. Radiators of this kind are not used 
to any great extent, as there is likely to be more or less leakage of cold 
air into the room around the base. If ventilation is required, it is 
better to use the regular form of indirect heater with flue and register, 
if possible. It is sometimes desirable to partially ventilate an isolated 
room where it would be impossible to run a flue, and in cases of this 
kind the direct-indirect form is often useful. 

Direct Hot Water. Hot water is especially adapted to the warm- 
ing of dwellings and greenhouses, owing to the ease with which the 
temperature can be regulated. When steam is used, the radiators are 
always at practically the same temperature, while with hot water the 
temperature can be varied at will. A system for hot-water heating 
costs more to install than one for steam, as the radiators must be larger 
and the pipes more carefully run. On the other hand, the cost of 
operating is somewhat less, because the water need be carried only at 
a temperature sufficiently high to warm the rooms* properly in mild 
weather, while with steam the building is likely to become overheated, 
and more or less heat wasted through open doors and windows. 

A comparison of the relative costs of installing and operating hot- 
air, steam, and hot-water systems, is given in Table I. 



TABLE I 
Relative Cost of Heating Systems 



Relative cost of apparatus 

Relative cost, auciing repairs and fuel 

for five years 
Relative cost, adding repairs and fuel for 

fifteen years 



Hot Air 




20 i 

81 



Steam 




Hot Water 



15 
27 
52i 
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One disadvantage in the use of hot water is the danger from 
freezing when radiators are shut off in unused rooms. This makes 
it necessary in very cold weather to have all parts of the system turned 
on sufficiently to produce a circulation, even if veiy slow. This is 
sometimes accomplished by drilling a very small hole (about | inch) 
in the valve-seat, to that when closed there will still be a very slow 
circulation through the radiator, thus preventing the temperature of 
the water from reaching the freezing point. 

Indirect Hot Water. This is used under the same conditions as 
indirect steam, but more especially in the case of dwellings and hospi- 
tals. When applied to other and larger buildings, it is customary to 
force the water through the mains by means of a pump. Larger 
heating stacks and supply pipes are required than for steam; but the 
arrangement and size of air-flues and registers are practically the 
same, although they are sometimes made slightly larger in special cases. 

Exhaust Steam. Exhaust steam is used for heating in connection 
with power plants, as in shops and factories, or in office buildings 
which have their own lighting plants. There are two methods of 
using exhaust steam for heating purposes. One is to carry a back 
pressure of 2 to 5 pounds on the engines, depending upon the length 
and size of the pipe mains ; and the other is to use some form of vacuum 
system attached to the returns or air-valves, which tends to reduce 
the back pressure rather than to increase it. 

Where the first method is used and a back pressure carried, either 
the boiler pressure or the cut-off of the engines must be increased, to 
keep the mean effective pressure the same and not reduce the horse- 
power delivered. In general it is more economical to utilize the ex- 
haust steam for heating. There are instances, however, where the 
relation between the quantities of steam required for heating and for 
power are such — especially if the engines are run condensing — that 
it is better to throw the exhaust away and heat with live steam. 
Where the vacuum method is used, these difficulties are avoided; and 
for this reason that method is coming into (juite common use. 
If the condensation from the exhaust steam is returned to the 
boilers, the oil must first be removed ; this is usually accomplished by 
passing the steam through some form of grease extractor as it leaves 
the engine. The water of condensation is often passed through a 
separating tank in addition to this, before it is deli 'ered to the return 
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pumps. It is better, however, to remove a portion of the oil before 
the steam enters the heating system; otherwise a coating will be formed 
upon the inner surfaces of the radiators, which will reduce their 
efficiency to some extent. 

Forced Blast* This method of heating, in different forms, is 
used for the warming of factories, schools, churches, theaters, halls — 
in fact, any large building where good ventilation is desired. The 
air for warming is drawn or forced through a heater of special design, 
and discharged by a fan or blower into ducts which lead to registers 
placed in the rooms to be warmed. The heater is usually made up in 
sections, so that steam may be admitted to or shut off from any section 
independently of the others, and the temperature of the air regulated 
in this manner. Sometimes a by-pass damper is attached, so that 
part of the air will pass through the heater and part around or over it; 
in this way the proportions of cold and heated air may be so adjusted 
as to give the desired temperature to the air entering the rooms. These 
forms of regulation are common where a blower is used for warming 
a single room, as in the case of a church or hall; but where several 
rooms are warmed, as in a schoolhouse. it is customary to use the 
main or primary heater at the blower for warming the air to a given 
temperature (somewhat below that which is actually required), and 
to supplement this by placing secondary coils or heaters at the bottoms 
of the flues leading to the different rooms. By means of this arrange- 
ment, the temperature of each room can be regulated independently 
of the others. The so-called dovble-duct system is sometimes employed. 
In this case, two ducts are carried to each register, one supplying hot 
air and the other cold or tempered air; and a damper for mixing these 
in the right proportions is placed in the flue, below the register. 

Electric Heating. Unless electricity can be produced at a very 
low cost, it is not practicable for heating residences or large buildings. 
The electric heater, however, has quite a wide field of application in 
heating small offices, bathrooms, electric cars, etc. It is a convenient 
method of warming isolated rooms on cold mornings, in late spring and 
early fall, when the regular heating apparatus of the building is not in 
operation. It has the advantage of being instantly available, and the 
amount of heat can be regulated at will. Klectric heaters are clean, 
tlo not vitiate the air, and are easily moved from place to place. 
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PRINCIPLES OF VENTILATION 

Closely connected with the subject of heating is the prcblem of 
maintaining air of a certain standard of purity in the various buildings 
occupied. 

The introduction of pure air can be done propc»rly only in con- 
nection with some system of heating; and no system of heating is 
complete without a supply of pure air, depending in amount upon the 
kind of building and the purpose for which it is used. 

Composition of the Atmosphere. Atmospheric air is not a simple 
jubstance but a mechanical mixture. Oxygen and nitrogen, the 
principal constituents, are present in very nearly the proportion of one 
part of oxygen to four parts of nitrogen by weight. Carbonic acid gas, 
the product of all combustion, exists in the proportion of 3 to 5 parts 
in 10,000 in the open country. Water in the form of vapor, varies 
greatly with the temperature and with the exposure of the air to open 
bodies of water. In addition to the above, there are generally present, 
in variable but exceedingly small quantities, ammonia, sulphuretted 
hydrogen, sulphuric, sulphurous, nitric, and nitrous acids, floating 
organic and inorganic matter, and local impurities. Air also contains 
ozone, which is a peculiarly active form of oxygen; and lately another 
constituent called argon has been discovered. 

Oxygen is the most important element of the air, so far as both 
heating and ventilation are concerned. It is the active element in the 
chemical process of combustion and also in the somewhat similar 
process which takes place in the respiration of human beings. Taken 
into the lungs, it acts upon the excess of carbon in the blood, and pos- 
sibly upon other ingredients^, forming chemical compounds which are 
thrown off in the act of respiration or breathing. 

Nitrogen. The principal bulk of the atmosphere is nitrogen, 
which exists uniformly diffused with oxygen and carbonic acid gas. 
This element is practically inert in all processes of combustion or 
respiration. It is not affected in composition, either by passing through 
a furnace during combustion or through the lungs in the process of 
respiration. Its action is to render the oxygen less active, and to 
absorb some part of the heat produced by the process of oxidation. 

Carbonic acid gas is of itself only a neutral constituent of the 
atmosphere, like nitrogen ; and — contrary to the general impression — 
its presence in moderately large quantities (if uncombined with other 
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substances) is neither disagreeable nor especially harmful. Its 
presence, however, in air provided for respiration, decreases the readi- 
ness with w^hich the carbon of the blood unites with the oxygen of the 
air; and therefore, when present in sufficient quantity, it may cause 
indirectly, not only serious, but fatal results. The real harm of a 
vitiated atmosphere, however, is caused by the other constituent 
gases and by the minute organisms which are produced in the process 
of respiration. It is known that these other impurities exist in fixed 
proportion to the amount of carbonic acid present in an atmosphere 
vitiated by respiration. Therefore, as the relative proportion of 
carbonic acid can easily be determined by experiment, the fixing of a 
standard limit of the amount in which it may be allowed, also limits the 
amounts of other impurities which are found in combination w-ith it. 

When carbonic acid is present in excess of 10 parts in 10,000 
parts of air, a feeling of weariness and stuffiness, generally accompanied 
by a headache, will be experienced; while with even 8 parts in 10,000 
parts a room would be considered close. For general considerations 
of ventilation, the limit should be placed at 6 to 7 parts in 10,000, thus 
allowing an increase of 2 to 3 parts over that present in outdoor air, 
which may be considereil to contain four parts in 10,000 under ordi- 
nary conditions. 

Analysis of Air. An accurate qualitative and quantitative 
analysis of air samples can be made only by an experienced chemist. 
There are, however, several approximate methods for determining 
the amount of carbonic acid present, which are sufficiently exact for 
practical purposes. Among these the following is one of the simplest: 

The necessary apparatus consists of six clean, dry, and tightly 
corked bottles, containing respectively 100, 200, 250, 300, 350, and 400 
cubic centimeters, a glass tube containing exactly 15 cubic centimeters 
to a given mark, and a bottle of perft^ctly clear, fresh limewater. The 
bottles should be filled with the air to be examined by means of a hand- 
ball svrin^je. Add to the smallest bottle 15 cubic centimeters of the 
limewater, put in the cork, and shake well. If the limewater has a 
milky appearance, the amount of carbonic acid will be at least 16 
parts in 10,(X)(). If the contents of the bottle remain clear, treat the 
i)ottle of 200 cubic centimeters in the same manner; a milky appear- 
ance or turbidity in this would indicate 12 parts in 10,000. In a 
similar manner, turbiditv in the 250 cubic centimeter bottle indicates 
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10 parts in 10,000; in the 300, 8 parts; in the 350, 7 parts; and in the 
400, less than 6 parts. The ability to conduct more accurate analyses 
can be attained only by special study and a knowledge of chemical 
properties and of methods of investigation. 

Another method similar to the above, makes use of a glass 
cylinder containing a given quantity of limewater and provided with a 
piston. A sample of the air to be tested is drawn into the cylinder by 
an upward movement of the piston. The cylinder is then thoroughly 
shaken, and if the limewater shows a milky appearance, it indicates 
a certain proportion of carbonic acid in the air. If the limewater 
remains clear, the air is forced out, and another cylinder full drawn in, 
the operation being repeated until the limewater becomes milky. 
The size of the cylinder and the quantity of limewater are so propor- 
tioned that a change in color at the first, second, third, etc., cylinder 
full of air indicates different proportions of carbonic acid. This test 
is really the same in principle as the one previously described; but tlie 
apparatus used is in more convenient form. 

Air Required for Ventilation. The amount of air required to 

maintain any given standard of purity can very easily be determined, 

provided we know the amount of carbonic acid given off in the process 

of respiration. It has been found by experiment that the average 

production of carbonic acid by an adult at rest is about .6 cubic foot 

per hour. If we assume the proportion of this gas as 4 parts in 10,000 

in the external air, and are to allow 6 parts in 10,000 in an occupied 

room, the gain will be 2 parts in 10,000; or, in other words, there will 

2 

be = .0002 cubic foot of carbonic acid mixed with each cubic 

10,000 

foot of fresh air entering the room. Therefore, if one person gives 

off .6 cubic foot of carbonic acid per hour, it will require ..6 -t- .0002 

= 3,000 cubic feet of air per hour per person to keep the air in the 

room at the standard of purity assiimtHl — that is, 6 parts of carbonic 

acid in 10,000 of air. 

Table II has been computed in this manner, and shows the 

amount of air which must be introduced for each person in onler to 

maintain various standards of purity. 

While this table gives the theoretical quantities of air required 
for different standards of purity, and may be used as a guide, it wall be 
better in actual practice to use quantities which experience has shown 
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to give gocxl results in different types of buildings. In auditoriums 
where the cubic space per individual is large, and in which the atmos- 
phere is thoroughly fresh before the rooms are occupied, and the 
occupancy is of only two or three hours' duration, the air-supply may 
be reduced somewhat from the figures given below. 

TABLE II 
Quantity of Air Required per Person 



Standard Parts op Carbonic 


Cubic Feet of Air R 


EQUIRKD PER PkRSON 


Acid in 10.000 of Air 




IN Room 


Per Minute 


Per Hour 


5 


100 


6,000 





50 


3,000 


7 


33 


2,000 


8 


25 


1,500 


9 


20 


1,200 


10 


16 


1,000 



Table III represents good modern practice and may be used 
with satisfactory results : 

TABLE III 
Air Required for Ventilation off Various Classes of Buildings 



Air-Supply per Occupant for 


Cubic Feet per 


Cubic Fket per 




Minute 


Hour 


Hospitals 


80 to 100 


4. 800 to 6, 000 


High Schools 


50 


3,000 


Grammar Schools 


40 


2,400 


Theaters and Assembly Halls 


25 


1,500 


Churches 


20 


1,200 



^\^len possible, the air-supply to any given room should be based 
upon the number of occupants. It sometimes happens, however, 
that this information is not available, or the character of the room is 
such that the number of persons occupying it may vary, as in the case 
of public waiting rooms, toilet rooms, etc. In instances of this kind, 
the required air-volume may be based upon the number of changes 
per hour. In using this method, various considerations must be taken 
into account, such as the use of the room and its condition as to crowd- 
ing, character of occupants, etc. In general, the following will be 
found satisfactory for average conditions : 
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TABLE IV 
Number of Changes of Air Required In Various Rooms 



tlBB or Room 


Cbanoes or Ai» rcR Hodr 




Public Waiting Room 


4 to 5 




PubUoToUeta 






Coat and Locker Rooms 


4" 5 






3" 4 




Offices, Public 


4" 5 




Offices, Private 


3" 4 




Public Dining Rooms 


4" 5 






3" 4 




Libraries, Public 


4" 5 




Libraries, Private 


3" 4 





Force for Moving Air. Air is moved for ventilating purposes in 
two ways: (1) by expansion due to heating; (2) by mechanical means. 
The effect of heat on the air is to increa.se its volume and therefore 
lessen its density or weight, so that it ten<ls to rise and is replaceii by 
the colder air below. The available force for moving air obtained in 
this way is very small, and is quite likely to be overcome by wind or 
external causes. It will be found in general that the heat used for 
producing velocity in this manner, when transformed into work in 
the steam engine, is greatly in 
excess of that required to pro- 
duce the same effect by the use of 
a fan. 

Ventilation by mechanical 
means is performed either by 
pressure or by suction. The for- 
mer is used for delivering fresh air 
into a building, and the latter for 
removing the foul air from it. 
By both processes the air is move<l Fig. i. 
without change in temperature, 
and the force for moving must be sufficient to overcome the effects 
of wind or changes in outside temperature. Some fonn of fan is used 
for this purpose. 

Measurements of Velocity. The velocity of air in ventilating 
ducts and flues is measured directly by an instrument called an ane- 
mometer. A common form of this instrument is shown in Fig. 1. It 
consists of a series of flat vanes attached to an axis, and a series of dials. 
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The revolution of the axis eauses motion of the hands in proportion to 
the velocity of the air, and the result can be read directly from the dials 
for any given perio<1. 

For approximate results the anemometer may be slowly moved 
across the opening in either vertical or horizontal parallel lines, so 
that the readings will be made up of velocities taken from all parts of 
the opening. For more accurate work, the opening should be divided 
into a number of squares by means of small twine, and readings taken 
at the center of each. The mean of these readings will give the 
average velocity of the air through the entire opening. 

AIR DISTRIBUTION 



The location of the air inlet to a room depends upon the size of 
the room and the purpose for which it is used. In the case of living 
rooms in dwelling-houses, the registers are placed either in the floor 
or in the wall near the floor; this brings the warm air in at the coldest 
part of the room and gives an opportunity for warming or drying the 
feet if desired. In the case of schoolrooms, where large volumes of 
warm air at moderate temperc^tures are required, it is best to discharge 
it through openings in the wall at a height of 7 or 8 feet from the floor; 
this gives a more even distribution, as the w^armer air tends to rise and 
hence spreads uniformly under the ceiling; it then gradually displaces 
other air, and the room becomes filled with pure air without sensible 
currents or drafts. The cooler air sinks to the bottom of the room, and 
can be taken off through ventilating registers placed near the floor. 
The relative positions of the inlet and outlet are often governed to 
some extent by the building construction; but, if possible, they should 
both be located in the same side of the room. Figs. 2, 3, and 4 show 
common arrangements. 

The vent outlet should always, if possible, be placed in an inside 
wall; otherwise it will become chilled and the air-flow through it will 
become sluggish. In theaters and churches which are closely packed, 
the air should enter at or near the floor, in. finely-divided streams; and 
the discharge ventilation should be through openings in the ceiling. 
The reason for this is the large amount of animal heat given off from 
the bodies of the audience; this causes the air to become still further 
heated after entering the room, and the tendency is to rise continuously 
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from floor to ceiling, thus carrying away all impurities from respiration 
as fast as they are given oflF. 

All audience halls in which the occupants arc closely seated should 
be treated in the same manner, when possible. This, however, can- 
not always be done, as the seats are often made removable so that the 
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Diagrams Showing Relative Positions of Air Inlets and Outlets as Commonly Arranged. 

floor can be used for other purposes. In cases of this kind, part of 
the air may be introduced through floor registers placed along the outer 
aisles, and the remainder by means of wall inlets the same as for school- 
rooms. The discharge ventilation should be partly through registers 
near the floor, supplemented by ample ceiling vents for use when the 
hall is crowded or the outside temperature high. 

The matter of air-velocities, size of flues, etc., will be taken up 
under the head of "Indirect Heating." 

HEAT LOSS FROM BUILDINGS 

A British Thermal Unit, or B. T. U., has been defined as the 
amount of heat required to raise the temperature of one pound of 
water one degree F. This measure of heat enters into many of the 
calculations involved in the solving of problems in heating and ventila- 
tion, and one should familiarize himself with the exact meaning of 
the term. 

Causes of Heat Loss. The heat loss from a building is due to 
the following causes: (1) radiation and conduction of heat through 
walls and windows; (2) leakage of warm air around doors and win- 
dows and through the walls themselves; and (3) heat required to warm 
the air for ventilation. 

Loss through Walls and Windows. The loss of heat tht-ough 
the walls of a building depends upon the material used in construction 
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TABLE V 
Heat Losses in B. T. U. per Square Foot of Surface per Hour- 
Southern Exposure 



8-in. Brick WaU 

12-in. Brick AVall 

le-in. Brick Wall 

20-in. Brick WaU 

24-iii. Brick WaU 

28-iD. Brick Wall 

32-in. Brick Wall 

Single Window 

Double Window 

Single Skylieht 

Double Skylight 

l-in. Wooden Door 

2-in. Wooden Door 

2-in, Solid Plaster Partition 

3-in. Solid Plaster Partition 

Concrete Floor on Brick Arch . . 
Wood Floor on Brick Arch . . . 

Double Wood Floor 

WaUs of Ordinary Wooden 

Dwellings 
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For solid elone ivalls, multiply the figures for brick of the Bnme thiekncBB 
by 1.7. Where rooms have a cold attic abai'e or cellar beneath, multiply the 
heat loss through walls and windows by 1.1. 

Correclioa for Leakage. The figures given in the above table apply only 
to the most thorough construction. For the average weU-built house, the 
results should be increased about 10 per cent; for fairly good construction, 
20 per cent; and for poor construction, 30 per ceni. 

Table V applies only to a southern exposure; tor other exposures multi- 
ply the heat loss given in Table V by the factors given in Table VI, 

of the wall, the thickness, the number of layers, and the difference 
between the in.side and outside temperatures. The exact amount of 
heat lost in this way is ver}' difficult to determine theoretically, hence 
we depend principally on the results of experiments. 

Loss by Air-Leakage. The leakage of air from a room varies", 
from one to two or more changes of the entire contents per hour, 
depending upon the (x>nstmction, opening of door.s, etc. It is com- 
mon practit^ to allow for one change per hour in well-constructed 
buildings where two walls of the room have an outside exposure. As 
the amount of leakage depends upon the extent of exposed wall and 
window surface, the simplest way of providing for this is to increase 
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TABLE VI 


Factors for Calculating: Heat Loss for Other than Southern Exposures 


Exposure 


Factor 


N. 


1.32 


E. 


1.12 


S. 


1.0 


w. 


1.20 


N.E. 


1.22 


N. W. 


1.26 


S.E. 


1 .00 


S. W. 


1 .10 


N., E., S., and W., or total exposure 


1.10 



the total loss through walls and windows by a factor depending upon 
the tightness of the building construction. Authorities differ con- 
siderably in the factors given for heat losses, and there are various 
methods for computing the same. The figures given in Table V have 
been used extensively in actual practice, and have been found to give 
good results when used with judgment. The table gives the heat losses 
through different thicknesses of walls, doors, windows, etc., in B. T. 
U., per square foot of surface per hour, for varying differences in inside 
and outside temperatures. 

In compiUing the heat loss through walls, only those exposed to 
the outside air are considered. 

In order to make the use of the table clear, we shall give a num- 
ber of examples illustrating its use: 

Example 1. Assuming an inside temperature of 70°, what will be the 
heat loss from a room having an exposed wall surface of 200 square feet and a 
glass surface of 50 square feet, when the outside temperature is zero? The 
wall is of brick, 16 inches in thickness, and has a southern exposure; the win- 
dows are single; and the construction is of the best, so that no account need 
be taken of leakage 

We find from Table V, that the factor for a 16-inch brick wall 
with a difference in temperature of 70° is 19, and that for glass (single 
window) under the same condition is 85; therefore. 

Loss through walls = 200 X 10 = 3,800 
Loss through windows = 50 X 85 - 4,250 



Total loss per hour = 8,050 B. T. U. 

Example 2. A room 15 ft. square and 10 ft. high has two exposed walls, 
one toward the north, and the other toward the west. There arc 4 windows, 
each 3 feet by 6 feet in size. The two in the north wall are double, while the 
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other two are einf^lc. The walls are of brick, 20 inches in thickness. With an 
inside temperature of 70°, what will be the heat loss per hour when it is 10* 
below zero? 

Total cxposcil surface - 15 X 10 X 2 - 300 
Glass surface = 3X 6X4= 72 



Net wall surface = 228 

Difference between inside and outside temperature 80°. 
Factor for 20-inch brick wall is 18. 
Factor for single window is 93. 
Factor for double window is 62. 
The heat losses are as follows: 

Wall, 228 X 18 = 4,104 

Single windows, 36 X 93 = 3,348 

Double windows, 36 X 62 = 2,232 



9,684 B.T.U. 
As one side is toward the north, and the other toward the west, the 
actual exposure is N. W. Looking in Table VI, we find the correction 
factor for this exposure to be 1.26; therefore the total heat loss is 

9,684 X 1.26 = 12.201.84 B.T.U. 

Example 3. A dwelling-house of fair wooden construction measures 
160 ft. around the outside; it has 2 stories, each 8 ft. in height; the windows 
are single, and the glass surface amounts to one-fifth the total exposure; the 
attic and cellar are unwarmed. If 8,000 B. T. U. are utilized from each pound 
of coal burned in the furnace, how many pounds will be required per hour to 
maintain a temperature of 70° when it is 20° above zero outside? 

Total exposure = 160 X 16 = 2,560 
Glass surface = 2,560 -r- 5 = 512 



Net wall = 2,048 

Temperature difference = 70 — 20 = 50° 
Wall 2,048 X 13 = 26,624 

Glass 512 X 60 = 30,720 



57,344 B.T.U. 
As the building is exposed on all sides, the factor for exposure will be 
the average of those for N., E., S., and W., or 

(1.32 + 1.12 + 1.0 + 1.20) -- 4 = 1 16 
The house has a cold cellar and attic, so we must increase the heat loss 
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iO per cent for each of the first two conditions, and 20 per cent for the 
last. Making these corrections we have: 

57,344 X 1.16 X 1.10 X 1.10 X 1.20 - l)(),3;i8B.T. U. 
If one pound of coal furnishes 8,000 B. T. U., then 96,338 -r- 8,000 = 
12 pounds of coal per hour required to warm the building to 70° 
under the conditions stated. 

Approximate Method. Foi dwelling-houses of the average con- 
struction, the following simple method for calculating the heat loss 
may be used. Multiply the total exposed surface by 45, which will 
give the heat loss in B. T. U. per hour for an inside temperature of 70° 
in -zero weather. 

This factor is obtained in the following manner: Assume the glass 
surface to be one-sixth the total exposure, which is an average propor- 
tion. Then each square foot of exposed surface consists one-sixth 
of glass and five-sixths of w-all, and the heat loss for 70° difference in 
temperature would be as follows : 

Wall A. X 19 = 15.8 
6 

Gla^s i- X 85 = 14.1 

20.9 
Increasing this 20 per cent for leakage, 10 per cent for exposure, and 
10 per cent for cold ceilings, we have : 

29.9 X 1.20 X 1.16 X 1.10 - 45. 

The loss through floors is considered as being offset by including 
the kitchen walls of a dwelling-house, which are warmed by the range, 
and which would not othen^ise be included if computing the size of a 
furnace or boiler for heating. 

If the heat loss is required for outside temperatures other than 
zero, multiply by 50 for 10 degrees below, and by 40 for 10 degrees 
above zero. 

This methoil is convenient for approximations in the case of 
dwelling-houses; but the more exact method should be used for other 
types of buildings, and in all cases for computing the heating surface 
for separate rooms. When calculating the heat loss front isolated 
rooms, the cold inside ivalls as well as the outside must he considered. 

The loss through aw^all nexi; toacold attic or other unw^armed space 
may in general be taken as about two-thirds that of an outside wall. 
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Heat Loss by Ventilation. One B. T. U. will raise the tempera- 
ture of 1 cubic foot of air 55 degrees at average temperatures and 
pressures, or will raise 55 cubic feet 1 degree, so that the heat required 
for the ventilation of any room can be found by the following formula : 

Cu. ft. of air per hour X Number of decrees rise t» rr. tt • i 
~ ^ = B. T. U. required. 

To compute the heat loss for any given room which is to be 
ventilated, first find the loss through walls and windows, and correct 
for exposure and leakage; then compute the amount required for 
ventilation as above, and take the sum of the two. An inside tem- 
perature of 70° is always assumed unless otherwise stated. / 

Examples, What quantity of heat will be required to warm 100,000 
cubic feet of air to 70° for ventilating purposes when the outside temperature 
is 10 below zero? 

100,000 X 80 -^ 55 = 145.454 B. T. U. 

How many B. T. U. will be required per hour for the ventilation of a 
church seating 500 people, in zero weather? 

Referring to Table III, we find that the total air required per 
hour is 1,200 X 500 = 600,000 cu. ft.; therefore 600,000 X 70 -^ 55 
= 763,636 B. T. U. 

The factor . — is approximately 1.1 for 00°, 

1.3 for 70°, and 1.5 for 80°. Assuming a temperature of 70° for the 
entering air, we may multiply the air-volume supplied for ventilation 
by 1.1 for an outside temperature of 10° above 0, by 1.3 for zero, and 
by 1.5 for 10° below zero — which covers the conditions most commonly 
met with in practice. 

EXAMPLES FOR PRACTICE 

1. A room in a grammar school 28 ft. by 32 ft. and 12 feet high is 
to accommodate 50 pupils. The walls are of brick 16 inches in thick- 
ness; and there are 6 single windows in the room, each 3 ft. by 6 ft.; 
there are warm rooms above and below; the exposure is S. E. How 
many B. T. U. will be required per hour for warming the room, and 
how many for ventilation, in zero weather, assuming the building to 
be of average construction? 

Ans. 24,261 + for warming; 152,727 + for ventilation. 

2. A stone church seating 400 people has walls 20 inches in 
thickness. It has a wall exposure of 5,000 square feet, a glass expos- 
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are (single windows) of 600 square feet, and a roof exposure of 7,000 
jquare feet; the roof is of 2-inch pine plank, and the factor for heat 
loss may be taken the same as for a 2-inch wooden door. The floor 
is of wood on brick arches, and has an area of 4,000 square feet. The 
building is exposed on all sides, and is of first-class construction. 
What will be the heat required per hour for both warming and ventila- 
tion when the outside temperature is 20*^ above zero? 

Ans. 296,380 for warming; 436,363 + for ventilation. 
3. A dwelling-house of average wooden construction measures 
200 feet around the outside, and has 3. stories, each 9 feet high. 
Compute the heat loss by the approximate method when the tem- 
perature is 10° below zero. 

Axs. 270,000 B. T. U. per hour. 

FURNACE HEATING 

• In construction, a furnace is a large stove with a combustion 
chamber, of ample size over the fire, the whole being inclosed in a 
casing of sheet iron or brick. The bottom of the casing is provided 
with a cold-air inlet, and at the top are pipes which connect with 
registers placed in the various rooms to be heated. Cold, fresh air 
is brought from out of doors through a pipe or duct called the cold-air 
box; this air enters the space l)etween the casing and the furnace near 
the bottom, and, in passing over the hot surfaces of the fire-pot and 
combustion chamber, becomes heated. It then rises through the 
warm-air pipes at the top of the casing, and is discharged through the 
registers into the rooms above. 

As the warm air is taken from the top of the furnace, cold air 
flows in through the cold-air box to take its place. The air for heating 
the rooms does not enter the combustion chamber. 

Fig. 5 shows the general arrangement of a furnace with its con- 
necting pipes. The cold-air inlet is seen at the bottom, and the hot-air' 
pipes at the top; these are all provided with dampers for shutting off or 
regulating the amount of air flowing through them. The feed or fire 
door is shown at the front, and the ash door beneath it; a water-pan is 
placed inside the causing, and furnishes moisture to the warm air before 
passing into the rooms; water is either jK>ure(l into the pan through an 
opening in the front, provided for this purpose, or is supplied auto- 
matically through a pipe. 



191 



20 HEATING AND VENTILATION 

The fire is regulated by means of a draft slide in the ash door, and 
a cold-air or regulating damper placed in the smoke-pipe. Clean-out 
doors are placed at different points in the casing for the removal of 



aslit-s mid Huot. Furnaces are made either of cast iron, orof wrought- 
iron plates riveted together and provided with brick-lined firepots. 

Types of Furnaces. Furnaces may be divided into two general 



HEATING AND VENTILATION 21 

types known as direct-draft and indirect-draft. Fig. 6 shows a com- 
mon form of direct-draft furnace with a brick setting; the better class 
have a radiator, generally placed at the top, through which the gases 
pass before reaching the smoke-pipe. They have but one damper, 
usually combined with a cold-air check. Many of the cheaper direct- 



it'Irou Ratllator at Top. 

draft furnaces have no radiator at all, the gases passing directly into 
the smoke-pipe and carrying away much heat that should be utilized. 

The furnace shown in Fig, 6 is made of cast iron and has a large 
radiator at the top; the smoke connection is shown at the rear. 

Fig, 7 represents another form of direct-draft furnace. In this 
case the radiator is made of sheet-steel plates riveted together, and the 
outer casing is of heavy galvanized iron instead of brick. 

In the ordinary indirect-draft type of furnace (see Fig. 8), the 
gases pass downward through flues to a radiator located near the base, 
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thence upward through another flue to the smoke-pipe. In addition 
to the damper in the smoke-pipe, a direct-draft damper is required 
to give direct connection with the funnel when coal is first put on, to 
facilitate the escape of gas to the chimney. When the chimney dtaft 



l''it'. ' Dlieci- Draft FomBoe wllh Galvanized- Iron Casing, 
Made of Riveted Sleel Plaleb. 

is weak, trouble from gas is more likely to be experienced with fur- 
naces of this type than with those having a direct draft. 

Grates. No part of a furnace is of more importance than the 
grates. The plain grate rotating about a center pin was for a long 
time the one most commonly used. These grates were usually pro- 
vided with a clinker door for removing any refuse too targe to pass 
between the grate bars. The action of sucli grates tends to leave a 
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cone of ashes in (he center of the fire causing it to bum more freely 
around the edges, A better form of grate is the revolving triangular 
pattern, which is now used in many of the leading furnaces. It con- 
sists of a series of triangular bars having teeth. The bars are con- 
nected bv gears, and are turned by means of a detachable lever. If 



Fl|{.a Indirect' Draft Type of Furnace. OauB Pass Downward to KudLitor at Uotlom, 
Tbeoce Upward to Smohe-Plpe. 

properly used, this grate will cut a slice of ashes and clinkers from 
under the entire fire with little, if any loss of uncc nsuraed coal. 

The Flrepot. Firepots are generally made of cast iron or of steel 
plate hneil with firebrick. The depth ranges from about 12 to 18 
inches. In cast-iron furnaces of the better class, the firepot is made 
very heavy, to insure dursibilily and to render it less likely to become 
red-hot. The firepot is somctimcii uiiulc in two pieces, to re'duce the 
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liability to cracking. The heating surface is sometimes increased bj 
corrugations, pins, or ribs. 

A firebrick lining is necessary in a wrought-iron or steel furnace 
to protect the thin shell from the intense heat of the fire. Since brick- 
lined firepots are much less effective than cast-iron in transmitting 
heat, such furnaces depend to a great extent for their efficiency on the 
heating surface in the dom: and radiator; and this, as a rule, is much 
greater than in those of cast iron. 

Cast-iron furnaces have the advantage when coal is first put on 
(and the drop flues and radiator are cut out by the direct damper) of 
still giving off heat from the firepot, while in the case of brick linings 
very little heat is given off in this way, and the rooms are likely to 
become somewhat cooled before the fresh coal becomes thoroughly 
ignited. 

Combustion Chamber. The body of the furnace above the fire- 
pot, commonly called the dome or feed section, provides a combustion 
chamber. This chamber should be of sufficient size to permit the 
gases to become thoroughly mixed with the air passing up through the 
fire or entering through openings provided for the purpose in the feed 
door. In a well-designed furnace, this space should be somewhat 
larger than the firepot. 

Radiator. The radiator, so called, with which all furnaces of 
the better class are provided, acts as a sort of reservoir in which the 
gases are kept in contact with the air passing over the furnace until 
they have parted with a considerable portion of their heat. Radiators 
are built of cast iron, of steel plate, or of a combination of the two. 
The former is more durable and can be made with fewer joints, but 
owing to the difficulty of casting radiators of large size, steel plate is 
commonly used for the sides. 

The effectiveness of a radiator depends on its form, its heating 
surface, and the difference between the temperature of the gases and 
the surrounding air. Owing to the accumulation of soot, the bottom 
surface becomes practically worthless after the furnace has been in 
use a short time; surfaces, to be effective, must therefore be self- 
cleaning. 

If the radiator is plact^d near the bottom of the furnace tlie gases 
are surrounded by air at the lowest temperature, which renders the 
radiator more effective for a given size than if placed near the top and 
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surrounded by warm air. On the other hand, the cold air has a ten- 
dency to condense the gases, and the acids thus formed are likely to 
corrode the iron. 

Heating Surface. The different heating surfaces may be de- 
scribed as follows: Firepot surface; surfaces acted upon by direct 
rays of heat from the fire, such as the dome or combustion chamber; 
gas- or smoke-heated surfaces, such as flues or radiators; and ex- 
tended surfaces, such as pins or ribs. Surfaces unlike in character 
and location, vary greatly in heating power, so that, in making com- 
parisons of different furnaces, we must know the kind, form, and 
location of the heating surfaces, as well as the area. 

In some furnaces having an unusually large amount of surface, 
it will be found on inspection that a large part would soon become 
practically useless from the accumulation of soot. In others a large 
portion of the surface is lined with firebrick, or is so situated that the 
air-currents are not likely to strike it. 

The ratio of grate to heating surface varies somewhat according 
to the size of furnace. It may be taken as 1 to 25 in the smaller sizes, 
and 1 to 15 in the .larger. 

Efficiency. One of the first items to be determined in esti- 
mating the heating capacity of a furnace, is its efficiency — ^that is, 
the proportion of the heat in the coal that may be utilized for warming. 
The efficiency depends chiefly on the area of the heating surface as 
compared with the grate, on its character and arrangement, and on 
the rate of combustion. The usual proportions between grate and 
heating surface have been stated. The rate of combustion required 
to maintain a temperature of 70° in the house, depends, of course, 
on the outside temperature. In verj' cold weather a rate of 4 to 5 
pounds of coal per square foot of grate per hour must be main- 
tained. 

One pound of good anthracite coal will give off about 13,000 
B. T. U., and a good furnace should utilize 70 per cent of this heat. 
The efficiency of an ordinary furnace is often much less, sometimes 
as low as 50 per cent. 

In estimating the required size of a first-class furnace with good 
chimney draft, we may safely count upon a maximum combustion 
of 5 pounds of coal per square foot of grate per hour, and may assume 
that 8;000 B. T, U. will be utilized for warming purposes from each 
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pound bumed. This quantity corresponds to an efficiency of 60 
per cent. 

Heating Capacity. Having determined the heat loss from a 
building by the methods previously given, it is a simple matter to 
compute the size of grate necessary to bum a sufficient quantity of 
coal to furnish the amount of heat required for warming. 

In computing the size of furnace, it is customary to consider the 
whole house as a single room, with four outside walls and a cold attic. 
The heat losses by conduction and leakage are computed, and in- 
creased 10 per cent for the cold attic, and 16 per cent for exposure. 
The heat delivered to the various rooms may be considered as being 
made up of two parts — jirst, that required to warm the outside air 
up to 70° (the temperature of the rooms); and second, the quantity 
which must be added to this to offset the loss by conduction and leak- 
age. Air is usually delivered through the registers at a temperature 
of 120°, with zero conditions outside, in the best class of residence 

70 
work; so that — — of the heat given to the entering air may be con- 

■I I 

sidered as making up the first part, mentioned above, leaving -r^ 

available for purely heating purposes. From this it is evident that 

50 
the heat supplied to the entering air must be equal to 1 -r - =2.4 

times that required to offset the loss by conduction and leakage. 

Exam-pie, The loss through the walls and windows of a building is 
found to be 80,000 B. T. U. per hour in zero weather. What will be the size 
of furnace required to maintain an inside temperature of 70 degrees? 

From the above, we have the total heat required, equal to 80,000 

X 2.4 = 192,000 B. T. U. per hour. If we assume that 8,000 B. T. 

U. are utilized per pound of coal, then 192,000 -r- 8,000 = 24 pounds 

of coal required per hour; and if 5 pounds can be bumed on each 

24 
square foot of grate per hour, then—-- = 4.8 square feet required. 

A grate 30 inches in diameter has an area of 4.9 square feet, and is the 
size we should use. 

When the outside temperature is taken as 10° below zero, multi- 
ply by 2.6 instead of 2.4; and multiply by 2.8 for 20° below. 

Table VII will be found useful in detennining the diameter of 
firepot re(juired. 
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TABLE VII 
FIrepot Dimensions 



Average Diameter op Grate, in Inches 


Area in Square Fkkt 




18 


1.77 




20 


2.18 




22 


2.64 




24 


3.14 




26 


3.69 




28 


4.27 




30 


4.91 




32 


5 . 5S 





EXAMPLES FOR PRACTICE 

m 

1. A brick apartment house is 20 feet wide, and has 4 stories, 
each being 10 feet in height. The house is one of a block, and is 
exposed only at the front and rear. The walls are 16 inches thick, 
and the block is so sheltered that no correction need lye made for 
exposure. Single windows make up I the total exposed surface. 
Figure for cold attic but wami basement. What area of grate surface 
will be required for a furnace to keep the house at a temperature of 
70° when it is 10° below zero outside? Ans. 3.5 square feet. 

2. A house having a furnace with a firepot 30 inches in diameter, 
is not sufficiently warmed, and it is decided to add a second furnace 
to be used in connection with the one already in. The heat loss from 
the building is found by computation to be 133,G(X) B. T. U. per hour, 
in zero weather. What diameter of firepot will be »e<|uired for the 
extra furnace? Axs. 24 inches. 

Location of Furnace. A furnace should Ik* so placed that the 
warm-air pipes will be of nearly the same length. The air travels 
most readily through pipes leading toward the sheltered side of the 

■ 

house and to the upper rooms. Therefore pipes leading toward the 
north or west, or to rooms on the first floor, should l)e favored in 
regard to length and size. The furnace should be placed somewhat 
to the north or west of the center of the house, or towanl the points 
of compass from which the prevailing winds blow. 

Smok^Pipes. Furnace smoke-pipes range in size from alK)ut 
6 inches in the smaller sizes to 8 or 9 inches in the larger ones. They 
are generally made of galvanized iron of No. 24 gauge or heavier. 
The pipe should l)e carried to the chimney as directly as possible. 
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avoiding bends which increase the revsistance and diminish the draft. 
Where a smoke-pipe parses through a partition, it should be pro- 
tected by a soapstone or double-perforated metal collar having a 
diameter at least 8 inches greater than that of the pipe. The top of 
the smoke-pipe should not be plact*d within 8 inches of unprotected 
beams, nor less than inches under beams protected by asbestos or 
plaster with a metal shield l)eneath. A collar to make tight con- 
nection with the chimney should be riveted to the pipe about 5 inches 
from the end, to prevent the pipe being pushed too far into the flue. 
Where the pipe is of unusual length, it is well to cover it to prevent 
loss of heat and the condensation of smoke. 

Chimney Flues. Chimney flues, if built of brick, should have 
walls 8 inches in thickness, unless terra-cotta linings arc used, when 
only 4 inches of brickwork is required.* Except in small houses 
w^here an 8 by 8-inch flue may be used, the nominal size of the smoke 
flue should be at least 8 by 12-inches, to allow for contractions or off- 
sets. A clean-out door should be placed at the bottom of the flue, 
for removing adies and soot. A square flue cannot be reckoned at 
its full area, as the corners are of little value. To avoid down drafts, 
the top of the chimney must be carried above the highest point of the 
roof unless provided with a suitable hood or top. 

Cold-Air Box. The cold-air box should be large enough to 
sup[)ly a volume of air suflScient to fill all the hot-air pipes at the same 
time. If the supply is too small, the distribution is sure to be unequal, 
and the cellar jvill become overheateil from lack of air to carry away 
the heat generated. 

If a box is made too small, or is throttled down so that the volume 
of air entering the furnace is not large enough to fill all the pipes, 
it will be found that those leading to the less exposed side of the 
house or to the upj)er rooms will take the entire supply, and that 
additional air to supply the deficiency will l)e drawn down through 
re*gisters in rooms less favorably situated. It is common practice 
to make the area of the cold-air box three-fourths the combined 
area of the hot-air pipes. The inlet should be placed where the 
prevailing cold winds will blow into it; this is commonly on the north 
or v,'est side of the house. If it is placed on the side away from the 
wind, warm air from the furnace is likely to be drawn out thiough 
the cold-air box. 
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WliaU'vrr may Ix; tlit- location of the entrance to the cold-air 
box, chanfjes in the direction of the wind may take place which will 
brinjj the inlet on the wronp siiio of the lioiisc. To prevent tlie 
possibility of such ehaiiges affecting the action of the furnace, tlie 
cold-air box is sometimes extended through the house and left op<'n 
at both ends, with check-KlamiH'ra arranged to prevent Iwick-drafts. 
These cliecks should Iw placed some distance from the entrance, to 
prevent their lieeoniing elof^xl-with snow or sleet. 

The cold-air liox is generally made of matclied boanls; but 
galvanized iron i.s much l>etter; it costs more than wood, but is welt 
worth the extra expense on account of tightness, which keeps the dust 
and ashes from being drawn into the furnace casing to l)e discharged 
through the registers into the rooms above. 

The cold-air inlet should I)e covered with gidvanized wire netting 
with a mesh of at least tlirec-i-ighths of an inch. The frame to which 
it is attache<l should not 
be smaller than the in- 
side dimensions of the • 
cold-air iwx. A d(K)r to 
admit air from the e^'llar , 
to the cold-air Imx is 
generally provi<le<l. As 
a rule, air .should Iw 
taken from tliis source, 
only when the hou.se is 
temporarily unoccupied 
or during high winds. 

Return Duct. In 
some eases it is desirable 

to return air to the fur- Fi«n. c.mmi',.nM.-tii<Kir.f(;i>iin«-iiii)ti{rtiirnDiiLtio 
nace from tlie rooms 

above, to Ik- reheated. Ducts fur this piirpo.se are common in places 
where the winter temixrature is fre(|uently l)elow zero, lletum 
ducts when u,se<l, should Iw in addition to the regular cokl-air 1k)x. 
Fig. 9 shows a common method of making the connection lK>twecn 
the two. By proper adjustment of the swinging damper, the air can 
be taken either from out of doors or through the register from the 
room al>ove. The return register is often placed in the hallway of 
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a house, so that it will take the cold air which rushes in when the 
door is opened and also that which may leak in around it while 
closed. Check-valves or flaps of light gossamer or woolen cloth 
should be placed between the cold-air box and the registers to pre- 
vent back-drafts during winds. 

The return duct should not be used t(X) freely at the expense of 
outdoor air, and its use is not recommended except during the night 
when air is admitte<l to the sleeping rooms through open windows. 

Warm-Air Pipes. The recjuired size of the warm-air pipe to 

any given room, depends on the heat loss from the room and on the 

volume of w^arm air requirt^d to offset this loss. Each cubic foot of 

air warmed from zero to 120 degrees brings into a room 2.2 B. T. U. 

We have already seen that in zero weather, with the air entering the 

50 
registers at 120 degrees, only ~^of the heat contained in the air is 

available for offsetting the losses by radiation and conduction, so that 

50 
only 2.2 X ^.^^ = .9 B. T. U. in each cubic foot of entering air can 

be utilized for warming purposes. Therefore, if we divide the com- 
puted heat loss in B. T. U. from a room, by .9, it will give the number 
of cubic feet of air at 120 degrees necessary to warm the room in zero 
weather. 

As the outside temperature becomes colder, the quantity of heat 
brought in per cubic foot of air increases; but the proportion avail- 
able for warming purposes becomes less at nearly the same rate, so 

TABLE Vlll 
Warm- Air Pipe Dimensions 



Diameter op Pipe. 


Area 


Area 




IN In'CHKI* 


IN Square iNCiiErt 


IN Square Feet 







2S 


.196 
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50 
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11 
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12 
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13 
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.922 




14 


1.54 


1.07 




1.5 


177 


1 . 23 




1(> 


201 

• 


1.40 
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that for all practical purposes we may use the figure .9 for all usual 
conditions. In calculating the size of pipe required, we may assume 
maximum velocities of 260 and 380 feet per minute for rooms on the 
first and second floors respectively. Knowing the number of cubic 
feet of air per minute to be delivered, we can divide it by the velocity, 
which will give us the required area of the pipe in square feet. 

Round pipes of tin or galvanized iron are used for this purpose. 
Table VIII will be found useful in determining the required diameters 
of pipe in inches. 

Example, The heat loss from a room on the second floor is 18,000 B. 
T. U. per hour. What diameter of warm-air pipe will be required? 

18,000 -7- .9 = 20,000 = cubic feet of air required per hour. 
20,000 -7- 60 = 333 per minute. Assuming a velocity of 380 feet 
per minute, we have 333 -^ 380 = .87 square foot, which is the 
area of pipe required. Referring to Table VIII, we find this comes 
l)etween a 12-inch and a 13-inch pipe, and the larger size would 
probably be chosen. 

BXAMPLES FOR PRACTICE 

1. A first-floor room has a computed loss of 27,000 B. T. U. 
per hour when it is 10° below zero. The air for warming is to enter 
through two pipes of equal size, and at a temperature of 120 degrees. 
Wliat will be the required diameter of the pipes? 

Ans. 14 inches. 

2. If in the above example the room had been on the second 
floor, and the air was to be delivered through a single pipe, what 
diameter would be required? 

Ans, 10 inches. 

Since long horizontal runs of pipe increase the resistance and 
loss of heat, they should not in general be over 12 or 14 feet in length. 
This applies especially to pipes leading to rooms on the first floor, 
or to those on the cold side of the house. Pipes of excessive length 
should be increased in size because of the addeil resistance. 

Figs. 10 and 1 1 show common methods of running the pipes in 
the basement. The first gives the best results, and should be used 
where the basement is of suflScient height to allow it. A damper 
should be placed in each pipe near the furnace, for regulating the flow 
of air to the different rooms, or for shutting it off entirely when desired. 
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While n>un(l pipe risers give the best results, it is not always 
possible to provide a sufficient space for them, and flat or oval pipes 
are substituted. When vertical pipes must be placed in single par- 
titions, much better results will be obtained if the studding can be 





Fig. 10. Fig. 11. 

Common Methods of Running Hot- Air Pipes in Basement. Method Shown In Fig. 10 

is Preferable where Feasible. 

made 5 or C inches deep instead of 4 as is usually done. Flues should 
never in any case be made less than 3 J inches in depth. Each room 
should he heated by a separate pipe. In some cases, however, it is 
allowable to run a single riser to heat two unimportant rooms on an 
upper floor* A clear space of at least ^ inch should be left between 
the risers and studs, and the latter should be carefully tinned, and the 

TABLE IX 
Dimensions of Oval Pipes 
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space between them on l)oth sides covered with. tin, asbestos, or wire 
lath. 

Table IX gives the capacity of oval pipes. A 6-inch pipe ovaled 
to 5 means that a 6-inch pipe has been flattened out to a thickness of 
5 inches, and column 2 gives the resulting area. 

Having determined the size of round pipe required, an equiva- 
lent oval pipe can be selected from the table to suit the space available. 

Registers. The registers which control the supply of warm 
air to the rooms, generally have a net area equal to two-thirds of their 
gross area. The net area should be from 10 to 20 per cent greater 
than the area of the pipe connected with it. It is common practice 
to use registers having the short dimensions ec|ual to, and the long 
dimensions about one-half greater than, the diameter of the pipe. 
This would give standard sizes for different diameters of pipfe, as 
liste<l in Table X. 

TABLE X 
Sizes of Registers for Different Sizes of Pipes 



DiAMF.TKR OF Pipe 
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Combination Systems. A combination system for heating by 
hot air and hot water consists of an ordinary furnace with some form 
of surface for heating water, placed either in contact with the fire or 
sus{K»nde(l above it. Fig. 12 shows a common arrangement where 
part, of the heating surface forms a portion of the lining to the firepot 
and the remainder is above the fire. 

Care- must be taken to proportion properly the work to be done 
by the air and the water; else one will operate at the expense of the 
other. One s(juare foot of heating surface in contact with the fire is 
capable of supplying from 40 to 50 scjuare feet of radiating surface, 
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nixl "111' square fixil siiH[>('inltHi over llit- im> will sujiply fnmi ITi to 2"i 
5H|uarc fert of radiation. 

The value or efficipncv of the heating surface varies so widely iri 
different makes that it is best to state the required conditions to the 



manufacturers and liave them proportion the surfaces as their experi- 
enee has found best for tlieir particular type of furnace. 

Care and Management of Furnaces. The following general 
rules apply to the manajjement of all hard coal furnaces. 

The fire should be thoroughly shaken onee or twice daily in cold 
weather. It is well to keep the firepol heaping full at all limes. In 
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this way a more even temperature may be maintained, less attention is 
re<]uired, and no more coal is burned than when the pot is only partly 
filled. In mild weather the mistake is frequently made of carrying a 
thin fire, w^hich requires frequent attention and is likely to die out. 
Instead, to diminish the temperature in the house, keep the firepot 
full and allow ashes to accumulate on the grate (not under it) by shak-> 
ing less frequently or less vigorously. The ashes W'ill hold the heat 
and render it an easy matter to maintain and control the fire. When 
feeding coal on a low fire, open the drafts and neither rake nor shake 
the fire till the fresh coal becomes ignited. The air supply to the fire 
is of the greatest importahce. An insufficient amount results in incom- 
plete combustion and a great loss of heat. To secure proper combus- 
tion, the fire should be controlled principally by means of the ash-pit 
through the ash-pit door or slide. 

The smoke-pipe damper should he opened only enough to carry 
off the gas or smoke and to give the necessary draft. The openings 
in the feed door act as a check on the fire, and should be kept closed 
during cold weather, except just after firing, when with a good draft 
they may be partly opened to in( rease the air-supply and promote the 
proper combustion of the gases. 

Keep the ash-pit clear to avoid warping or melting the grate. 
The cold-air box should be kf pt wide open except during winds or 
when the fire is low. At such times it may be partly, but never com- 
pletely closed. Too much stress cannot be laid on the importance 
of a sufficient air-supply to the furnace. . It costs little if any more 
to maintain a comfortable temperature in the house night and day 
than to allow the rooms to become so cold during the night that the 
fire must be forced in the morning to w-arm them up to a comfortable 
temperature. 

In case .ne warm air fails at times to reach certain rooms, it 
may be forced into them by temporarily closing the registers in other 
rooms. The current once established will generally continue after 
the other registers have been opened. 

ft is best to burn as hard coal as the draft will warrant. Egg 
size is better than larger coal, since for a given w'eight small lumps 
expose more surface and ignite more quickly than larger ones. The 
furnace and smoke-pipe should be thoroughly cleaned once a year. 
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This should be clone just after the fire has been allowed to go Jut in 
the spring. . 

STEAM BOILERS 

Types, The boilers used for heating are the same as have already 
Ixjen described for power work. In addition there is the cast-iron 
sectional boiler, used almost exclusively for dwelling-houses. 

Tubular Boilers. Tubular boilers are largely used for heating 
purposes, and are adapted to all classes of buildings except dwelling- 
houses and the special cases mentioned later, for which sectional 
boilers are preferable. A boiler harse-pmver has been defined as the 
evaporation of 342 pounds of water from and at a temjKTature of 212 
degrees, and in doing this 33,317 B. T. U. are absorlnnl, which are 
again given out when the steam is condensed in the radiators. Hence 
to find the boiler II. P. required for warming any given building, we 
have only to compute tlie lieat loss per hour by the methods already 
given, and divide tlie result by 33,*^30. It is more common to divide 
by the number 33,(K)(), which gives a slightly larger boiler and is on 
the side of safety. 

The commercial horse-power of a well-designed boiler is based 
upon its heating surface; and for the best economy in heating work, 
it should be so proportioned as to have about 1 square foot heating of 
surface for each 2 pounds of water to be evaporated from and at 212 
degrees F. This gives 34.5 -r- 2 = 17.2 square feet of heating surface 
per horse-powTr, which is generally taken as 15 in practice. Makers of 
tubular boilers commonly rate them on a basis of 12 square feet of heat- 
ing surface per horse-power. This is a safe figure under the conditions 
of power work, where skilled firemen pre employed and where more 
care is taken to keep the heating surfaces free from sc jt and ashes. 
For heating plants, however, it is better to rate the boilers upon 15 
square feet per horse-power as stated above. 

There is some difference of opinion as to the proper method of 
computing the heating surface of tubular l>oilers. In general, all 
surface is taken which is exposed to the hot gjises on one side and to 
the water on tlie other. A safe nile, and the one by which Table 
XII is computed, is to take l the area of the shell, I of the rear head, 
less the tube area, and the interior surface of all the tubes. 

The required amount of grate area, and the proper ratio of heat- 
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ing surface to grate area, vary a good deal, depending on the character 
of the fuel and on the chimney draft. By assuming the probable 
rates of combustion and evaporation, we may compute the recjuireil 
grate area for any boiler from the formula : 

., _ //. P.'x 34 . 5 
E y,C 
in which 

S = Total grate area, in s(juare feet; 

E = Pounds of water evaporated per pound of coal; 

C = Pounds of coal burned per square foot of grate per hour. 

Table XI gives the approximate grate area per II. P. for different 
rates of evaporation and combustion as computed by the above 
equation. 

TABLE XI 

Orate Area per Horse-Power for Different Rates of Evaporation and 

Combustion 



PouNDH OK Coal Burned peh Sgi'AiiK Foot ok (Jratk pkk Hour 



Pounds of Stk.am pkh 
Pound op Coal 


8 IbM. 


lO Ibn. l^ IbM. 




Square Feet of Grate Surfac*o per Horse- l*ower 


10 


.43 


.35 


.28 


9 


.48 


.38 


.32 


8 


.54 


.43 


.30 


7 


.62 


.49 


.41 


6 


.72 i .58 

1 


.48 



For example, witli an evaporation of 8 pounds of steam per pound of 
coal, and a combustion of 10 pounds of coal per square foot of grate, .43 of a 
square foot of grate surface per H. P. would be called for. 

The ratio of heating to grate surface in this type of boiler ranges 
from 30 to 40, and therefore allows under ordinary conditions a com- 
bustion of from 8 to 10 pounds of coal per square foot of grate. This 
is easily obtained with a good chimney draft and careful firing. The 
larger the boiler, the more important the plant usually, and the greater 
the care bestowed u|K)n it, so that we may generally count on a higher 
rate of combustion and a greater efficiency as the size of the boiler 
increases. Table XII will be found verj- useful in determining 
the size of boiler required under different conditions. The grate 
area is computed for an evajx)ration of 8 jx)unds of water per pound 
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TABLE XII 










1 




1 








Size of 


DlAMKTER 


Nl'MBKR . 


DiAMKTKK 


Length 

mmf\ 


HORAE- 


Size or 


Size of 


Smoke- 


or HHKIiT. 


^^ ^ ^ "^^ m^ •* ^^ 

or TuBKS ' 


OF Tl'BKW 


OP Tl'BES . 


POWER 


Grate in 


L PTAKB- 


pipe in 


IN Inciiks 


1 
28 


IN Inches 

-14 


IN Feet 

1 


i 


Inches 


IN Inchf^ 
10x14 


Sq. In 


30 


6 ' 


8.6 


24 X 36 


140 






» ^ 


7 


9.9 


24 X 36 


10x14 


140 








8 


11.2 


24x36 


10x14 


140 








9 


12.6 


24 X 42 


10x14 


140 








10 


14.0 


24x42 


10x14 


140 


36 


84 




8 


13.6 


30 X 36 


10x16 


160 






' • 


9 


16.3 


30 X 42 


10x18 


180 








10 


16.9 


30 X 42 


10x18 


180 








11 


18.6 


30 X 48 


10x20 


200 








12 


20.9 


30 X 48 


10x20 


200 


42 


84 


8 


9 


18.6 


36 X 42 


10x20 


200 








10 


20.6 


86 X 42 


10 X 20 


200 








11 


22.6 


86 X 48 


10x26 


260 








i;j 


24.6 


86 X 48 


10x26 


260 








18 


26.6 


36 X 48 


10x28 


280 








14 


28.6 


86 X 64 


10x28 


280 


48 


44 


8 


10 


80.4 


42x48 


10x28 


280 








11 


83 . 2 


42x48 


10x28 


280 








12 


86 . 7 


42 X 64 


10 X 32 


320 








13 


38.8 


42 X 64 


10x32 


320 








14 


40.8 


42x60 


10x36 


360 








lo 


48.4 


42x60 


10x36 


360 








16 


45.9 


42x60 


10x36 


360 


64 


54 


8 


11 


34.6 


48x64 


10x38 


380 








12 


87.7 


48x54 


10x88 


380 








13 


40.8 


48x54 


10x38 


380 








14 


43.9 


48x54 


10x88 


380 








16 


47.0 


48x60 


10x40 


400 








16 


60.1 


48x60 


10x40 


400 




46 


3J^ 


17 


63.0 


48x60 


10x40 


400 


60 


72 


3 


12 


48.4 


64 x60 


12x40 


460 








13 


52.4 


54x60 


12x40 


460 








14 


66.4 


54x60 


12x40 


460 








16 


60.4 


64 x 66 


12x42 


500 








16 


64.4 


64x66 


12x42 


500 




64 


3H 


17 


71 4 


54x72 


12x48 


560 








18 


76.6 


64 X 72 


12x48 


550 


66 


90 


3 


14 


70.1 


60x66 


12x48 


500 








16 


76.0 


60x72 


12x52 


620 








16 


80.0 


60 X 72 


12x52 


620 




78 


3H 


17 


86.0 


60x78 


12x66 


670 








18 


91.1 


60x78 


12x56 


670 




( 




19 


96.2 


60x78 


12x56 


670 




62 


4 


20 


93.1 


60x78 


12x56 


670 


712 


114 


3 


14 


87.4 


66x72 


12x66 


670 








16 


93.6 


66x72 


12x56 


670 








16 


99.7 


66 X 78 


12x62 


740 




98 


3H 


17 


106.4 


66 x 78 


12x62 


740 






^ ^ 


18 


112.6 


66x84 


12x66 


790 








19 


118.8 


66 X 84 


12x66 


790 




72 


4 


20 


107.8 


66x84 


12x66 


7fl0 
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of coal, which corresponds to an efficiency of about 60 per cent, and 
is about the average obtained in practice for heating boilers. 

The areas of uptake and smoke-pipe are figured on a basis of 
1 scjuare foot to 7 square feet of grate surface, and the results given 
in round numbers. In the smaller sizes the relative size of smoke- 
pipe is greater. The rate of combustion runs from 6 pounds in the 
smaller sizes to Hi in the larger. Boilers of the proportions given 
in the table, correspond well with those used in actual practice, and 
may he relied .upon to give good results under all ordinary conditions. 

Water'tube boilers are often used for heating purposes, but more 
especially in connection with power plants. The method of com- 
puting the required II. P. is the same as for tubular lx)ilers. 

Sectional Boilers* Fig. 13 shows a common form of cast-iron 
boiler. It is made up of slabs or sections, each one of which is con- 
nected by nipples with headers at the sides and top. The top header 
acts as a steam drum, and the lower ones act as mud drums; they also 
receive the water of condensation from the radiators. Tlie gases 
from the fire pass backward and forward through flues and arc finally 
taken off at the rear of the boiler. 

Another common form of sectional boiler is shown in Fig. 14. 
It is made up of sections which increase the length like the one just 
described. These boilers have no drum connecting with the sections; 
but instead, each section connects with the adjacent one through 
openings at the top and bottom, as shown. 

The ratio of heating to grate surface in boilers of this type ranges 
from 16 to 25 in the best makes. They are provided with the usual 
attachments, such as pressure-gauge, water-glass, gauge-cocks, and 
safety-valve; a low-pressure damper regulator is furnished for operat- 
ing the draft doors, thus keeping the steam pressure practically con- 
stant. A pressure of from 1 to 5 pounds is usually carried on these 
boilers, depending upon the outside temperature. The usual setting 
is simply a covering of some kind of non-conducting material like 
plastic magnesia or asbestos, although some fqmis are enclosed in 
light brickwork. 

In computing the required size, we may proceed in the same 
manner as in the case of a furnace. For the best types of house- 
heating boilers, we may assume a combustion of 5 pounds of coal per 
square foot of grate per hour, and an average efficiency of 00 per cent, 
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which corrcsjKtruls to ><,()00 11. T. U. per \muuil of coal, uvailabic for 
useful work. 

Ill the case of <iircct-stcain heatuig, we have only to supply heat 
to offset that lost by radiation and conduction; so that the grate ares 
may be found by dividing the computed heat loss per hour by 8,000, 
which gives the number of pounds of coal; and this in turn, dividol 
by 5, will {^ve the area of grate re<|uirc<l. The most efficient rate of 



Pig. IS. C.>niiiiim Tyiie ot Casl-Iron Scpilniial IIoIKt. Note Headers alSlclea and Top 
ActiiiE as Drums. 

combustion will depen<l somewhat upon the ratio l)etween the grate 
and heating surface. It has In'en found by cxpi'rieiic-e that about 1 
of a pound of coal [mt h<mr for each .si|tnipc foot of licatingsurfacc 
give.s the !)est results; so that, by knowing the ratio of heating surface 
to grate area for any make of beater, we can easily compute the most 
efficient rale of combustion, and fn>ni it determine the necessary grate 
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For ('xanii)!!', supj)os<! the lit-at loss fnnii a biiildiiij; to l)c 4S0,0(H) 
B. T. U, per hour, ami that wc wish to iiw a hcatt-r in wliioh tliu ratio 
of heatiiitjf .surface to grate anra is 24. What will Iw tlio most cffififiit 
rate of combustion and the refjiiired 
grate area? 480,000 h- 8,000 = 60 
pounds of coal per hour, and 24 -i- 1 
= 6, which is the best rate of oimi- 
bustion to employ; therefon.^ 00 -^ (> 
= 10, the grute area nHpiired. 

There an; many dilfeivnt de.sii;iis 
of ciLst-iron Utilers for low-pressure 
steam an<l hot-water heating. In gen- 
eral, l>oilers having a ilnnn eonnecled 
liy nipples with each mvtion give 
drjer sleani anil h<ild a steiulier water- 
line than the second form, especially 

when force<l aUive their nonnal ca- '■''u.,'/;r/HMnl'!h,-n?*.^Bnodr'iim™'' 
pacity. The steam, in passing ihnnigli ^'\Hm^iT^?^Mh?im«h oPn''*' 

the oix'iiings iK-tween sneees.si^e see- ^.lH^^^y o7^^mIri'"n»'j?uc/i'H(i>f- Co. 
lioiLS in onler to reach the outlet, 

is apt to carry with if more or less water, an<I lo choke the openings, 
tints producing an uneven pressure in different parts of the lH»iler. 

In the case of hot-water Ixiilers this objection disappears. 

In onler to atlapt this typ^ of Iniiler to .steam work, the oix-ning 
between the sections should Ik' of good size, with an ample .steam 
space alK»vc the water-line; and the nozzles for the discharge of sleani 
should \ni located at fretjucnt intervals. 

EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 240,000 li. T. t'. per hour, 
and the ratio of heating to grate area in the heater to be use<l is 20. 
\\'hat will l>o the re<|nired grate area? A\s. fi s<]. ft. 

2. 'Hie heat loss from a Iniilding is 1(W,(KX) B. T. 1 '. per hour, and 
the chimney draft is such thai not over 'A jioiuids of coal |kt hour can 
be bume<l per square Uutt of grale. What ratio of heating to grate 
area will be necessary, and what will Im- tlie re<]uire<l grate area? 

Ans. Ratio, 12. (Irate an-ii, 7 s«|. ft. 
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C^ist-in)ii sixtional boilers are useil for dwelling-houses, small 
schoolhouses, churches, etc., where low pressures are carried. They 
are increased in size l)y adding more slabs or stations. After a certain 
length is reachtnl, the rear sections become less and less efficient, thus 
limiting the size and power. 

Horee-Power for Ventilation. We already know that one 

ft 

B. T. U. will raise the temperature of 1 cubic foot of air 55 degrees, 
or it will raise 100 cubic feet ^ J^j^ of 55 degrees, or ,VV ^f 1 degree; 
therefons to raise 100 cubic feet 1 degree, it will take 1 -r- -{^J^^, or \^g 
B. T. U.; and to raise 100 cubic feet through 100 degrees, it will take 
'fl'^g" X HK) B. T. U. In other wonls, the B. T. U. rtHjuircxl to raise 
any given volume of air through any number of degnn^s in tempera- 
ture, is inpial to 

Voluino of air in ruble ft. X Dcprors raised 



55 



Example. How many B. T. U. are rniuinnl to raise 100,000 
cubic feet of air 70 degrees? 

1(K),(K)0 X 70 _ 1.,-.^--., , 

To compute the II. P. recjuirtxl for the ventilation of a building, 
we multiply the total air-supply, in cubic feet per hour, by the numlx*r 
of degrees through which it is to be raised, and divide the result by 55. 
This gives the B. T. U. per hour, which, divided by 33,000, will give 
the H. P. required. In using this rule, always take the air-supply in 
cubic feet per hour, 

EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 1,650,000 B. T. U. per hour. 
There is to be an air-supply of 1,500,000 cubic feet per hour, raised 
through 70 degrees. What is the total boiler H. P. required? 

Ans. 108. 

2. A high school has 10 classrooms, each occupied by 50 pupils. 
Air is to be delivered to the rooms at a temperature of 70 degrees. 
What will be the total H. P. required to heat and ventilate the building 
when it is 10 degrees below zero, if the heat loss through w-alls and 
windows is 1,320,000 B. T. U. per hour? An8. 106+. 

DIRECT-STEAM HEATING 

A system cf direct-steam heating consists (1) of a furnace and 



514 



IlRATIXi; ANT) VKXTTLATIOX -irt 

iMiiliT for tlie ciHiiliiistiiHi of fuel itii<l llii' j^ciicrminii of stcani; (2) a 
system of pipes fcir foiivcyiiif; tlie stt'um to the railiatorn and for 
returning the water of condensation to the lx»iler; and {3} radiators 
or coils placed In the rooms for diffusing the heat. 

Various types of boilers are used, depending upon the size and 
kind of building to be warmed. Some form of cast-iron sectional 
Imiler is commonly ushI for dwelling-houses, while the tubular or 
water-tube Imiler is more usually employed in larger buildings. 
Where the boiler is used for heating puri»o.ses only, a low steara-pres- 
.sure of from 2 to 10 pounds is carried, and the condensation (lows 
backliygravity to the Ireiler, which is placed below the lowe.st radiator. 
^Vhen, for any reason, a higher 
pres.sHre is re<piired, the steam for 
the heating system is made to 
pa.ss through a reducing valve, 
and the eniidensation is relumed 
to.lhe l>oiler by means of a pnmp 
or return trap. 

Types of Radiating Surface. 
Tho radiation u.sc<l indireet-steum 
honting is made np of ca,st-inm 
railiators of various forms, pipe 
radiators, and circulation coils. 

Ca^-Iron Radiators. I'he 
general form of a east-iron sec- 
tional radiator is shown in Fig- 

ir,. Ra.!iators of this type are ^'«- "■ s^^rma'i^X.."^.'^''""^'"'' 
made up of .sections, the lumilier 

dep-nding ui>on tlie amount of heating .surfaw reijuired. Fig. 1(1 
.shows an intermediate .section of a mdiator tif this ty|K'. 
It is .simply a l(H)p with inlet and outlet at the Imltom. The 
end sections uK the same. e\ceiit that they have legs, as shown in 
Fig. 17. These sections are eonneeted at the bottom by special 
nipples, so that steam entering at the end fills the bottom of the 
ra<liator, and, being lighter than the air, rises through the Utops and 
forces the air downwanl ami toward the farther end, where it is <iis' 
charge<l through an air-valve jijaced about niidw'ay of the las! .section. 
Then; are many diffen-nt designs varying in height and width, to 
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suit all <-< unlit Urns. Tin- wull patloni sliowii in Fij^. IS is vorj' ron- 
veiiieiit when it is lit-sired to place the nidiator above the floor, as in 
bathrooms, etc.; it is also a con- 
venient form to place under the 
windows of halls and churches 
to counteract the effect of cold 
down drafts. It is adapted to 
nearly every place where the or- 
dinary direct radiator ciin be 
used, and may he connected up 
in <!iffi'rent ways to meet the va- 
rious nHjuiremenls. 

Alow and moderately shallow 

radiator, with ample spac(^ for the 

circulation of air l>etween the 

sections, is more efficient than a 

deep radiator with the sections 

^ '** '"■ ' '"■ ' '■ closely packed toeether. One- 

siKwuiiiKiB. IS. Tii.i('ii.i-.i-iiiiii^ and two-column radiators, so 

called, are preferable to three- 

and four-column, when there is sufficient space to use them. 



2^ 



The .slaudanl )u-ij;]it of a radiator is 3G or 38 iTiclies 
po.ssil>le, it is better not to exceed this. 



and, if 
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For small radiators, it is better praeticc l<> use lowor soclioiis and 
increase the length; this makes the radiator slightly more efficient 
and gives a. much better appearance. 

To get the best results from wall radiators, they should be set 
out at least IJ inches from the wall to allow a free circulation of air 
back of them. Patterns having cross-bars should be placed, if 
possible, with the bars in a vertical position, as their efficiency is 
impaired somewhat when placed ho nzon tally. 

Pipe Radiators. This type of radiator (see Fi};. 19) is made up of 
, wrought-iron pipes 
screwed into a cast- 
iron base, T h e 
pipes are eithercon- 
nected in pairs at 
the top by return 
l)ends, or each sep- 
arate tulie ha'? a 
thin metal dia- 
phragm passing up 
the ci?nter nearly to 
the top. It is nec- 
essary that a loop 
be formed, else a 
"dead end" would 
occur. This would 
become filled with 

air and prevent fir. lo. wroughi-iroDpipeRiiriiator. 

steam from enter- 
ing, thus causing portions of the radiator to remain cold. 

Circulation Coils. These are usually made up of I or IJ-inch 
wrought-iron pipe, and may In; hung on the walls of a nxnn by means 
of hotik plates, or suspendeii overhead on hangers and n>lls. 

Fig. 20 shows a common form for .school hou.se and similar work; 
thi.s coil is usually made of l{-inch pipe screwed into headers or 
branch lees at the ends, and is hung on the wall just below the windows. 
This is known as a branch coil. Fig. 21 shows a trombone coil, which 
is commonly u.'ied when the pipes cannot turn a comer, and where 
the entire coil must be placed upon one side of the room. Fig. 22 
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is otllcil a iiiilt-r coil, an») is iiseil iimlcr lliv saim- (-iiiu]itii)iis as a trom- 
l«>iif <oil if tlipre is room for the vertical portion. Tills form is mil 
so pleasing in appearance as either of the other two, and is found only 
in factories or shops, where looks are of minor importance. 




Flg.m Common Form ol 



Clrcnlniloii ot Direct Staam. 



Overhead coils arc uMially of the miter form , laid on the side and 
suspende<l al«nit a f(K)t from the ceilinjj; they are less efficient than 
when placed nearer the floor, as the warm air stays at the ceiling and 
the lower part of the room is likely to remain cold. They an- ii.ied 




PlR. 21. '"lTomlH>iii> ' Coll. 



only when wall coils or radiators woidd he in the way of fixtures, or 
when they would come Lelow the water-Une of the boiler if placed 
near the floor. 

When steam is flrst turned on a ani, it usually passes through a 



l''i'e<in>'Utly L'sih) lu F^icIcji-Ii-h unil Sliops. 

poition of (he pipes first and heats them while the others remain cold 
and full of air. Therefore the coll must always be made up in such 
a way that each pipe sliall have a certain amount of spring and may 
expand independently without bringing undue .strains upon the others. 
Circulation c<iil.s .should incline al>out 1 inch in 20 feet toward the 



FRONT VIEW OF SSCTIONAL STBAH AND 
HOT-WATER BOILER 

aiblln & Co., rtlca, N. Y. 
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return end in order to 3ecure proper drainage and quietness of opera- 
tion. 

Efficiency of Radiators. The efficiency of a radiator — ^that is, 
the B. T. U. which it gives off per square foot of surface per hour — 
depends upon the difference in temperature between the steam in the 
radiator and the surrounding air, the velocity of the air over the 
radiator, and the quality of the surface, whether smooth or rough. 
In ordinary low-pressure heating, the first condition is practically 
constant; but the second varies somewhat with the pattern of the 
radiator. An open design which allows the air to circulate freely 
over the radiating surfaces, is more efficient than a closed pattern, 
and for this reason a pipe coil is more efficient than a radiator. 

In a large number of tests of cast-iron and pipe radiators, working 
under usual conditions, the heat given off per square foot of surface 
per hour for each degree difference in temperature between the steam 
and surrounding air wjis found to average al)out 1 .7 B. T. U. The 
temperature of steam at 3 pounds' pressure is 220 degrees, and 220 — 70 
= 150, which may Ik* taken as the average difference l)etween the 
tem|K*rature of the steam and the air of the room, in ordinary low- 
pressure work. Taking the aljove results, we have 150 X 1 .7 = 255 
B. T. U. as the efficiency of an average cast-iron or pipe radiator. 
This, for convenient use, may be taken as 250. A circulation coil 
made up of pipes from 1 to 2 inches in diameter, will easily give off 
300 B. T. U. under the same conditions; and a cast-iron wall radiator 
with ample space back of it should have an efficiency equal to that 
of a wall coil. While overhead coils have a higher efficiency than 
cast-iron radiators, their position near the ceiling reduces their effec- 
tiveness, so that in practice the efficiency should not be taken over 
250 B. T. U. per hour at the most. Tabulating the above we have: 

TABLE XIII 
Efficiency of RadlatorSt Coils, etc. 



Type of Radiatinq Surface Radiation per Square Foot of Surface 

PKR Hour 



Cast-iron Sectional and Pipe Radiators 


250 B. T. U. 


Wall Radiators 


300 


Ceiling Coils 


200 to 250 " 


WaU Coils 


300 
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If the radiator is for warming a room which is to be kept at a 
temperature alx)ve or below 70 degrees, or if the steam pressure is 
greater than 3 pounds, the radiating surface may be changed in the 
same proportion as the difference in temperature between the steam 
and the air. 

For example, if a room is to be kept at a temperature of 00°, the 
efficiency of the radiator becomes }J[| X 250 = 268; that is, the 
efficiency varies directly as the difference in temperature between the 
steam and the air of the room. It is not customary to consider this 
unless the steam pressure should be raised to 10 or 15 pounds or the 
temperature of the rooms changed 15 or 20 degrees from the normal. 

From the above it is easy to compute the size of radiator for any 
given room. First compute the heat loss per hour by conduction and 
leakage in the coldest weather; then divide the result by the effi- 
ciency of the type of radiator to be used. It is customary to make the 
radiators of such size that they will warm the rooms to 70 degrees in 
the coldest weather. As the low-temperature limit varies a good deal 
in different localities, even in the same State, the lowest temperature 
for which we wish to pi-ovide must be settle<l upon before any calcu- 
lations are made. In New England and through the Middle and 
Western States, it is usual to figure on warming a building to 70 
degrees when the outside temperature is from zero to 10 degrees 
below. 

The different makers of radiators publish in their catalogues, 
tables giving the square feet of heating surface for different styles and 
heights, and these can be used in determining the number of sections 
required for all special causes. 

If pipe coils are to be used, it becomes necessary to reduce square 
feet of heating surface to linear feet of pipe; this can be done by means 
of the factors given below. 



Square feet of heating surface X *< 



3 = linear ft. of 1 -in. pipe 

2.3 = " " li-in. " 

2 = " " li-in. " 

1.6 = " "2 -in. " 



The size of radiator is made only sufficient to keep the room 
warm after it is once heated ; and no allowance is made for warming 
up; that is, the heat given off by the radiator is just equal to that lost 
through walls and windows. '^Fhis condition is offset in two ways — 
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jirsty when the room is cold, the difference in temperature between 
the steam and the air of the room is greater, and the radiator is more 
efficient; and second^ the radiator is proportioned for the coldest 
weather, so that for a greater part of the time it is larger than neces- 
sary. 

EXAMPLES FOR PRACTICE 

1 . The heat loss from a room is 25,000 B. T. U. per hour in 
the coldest weather. What size of direct radiator will be required? 

Ans. 100 square feet. 

2. A schoolroom is to be warmed with circulation coils of IJ- 
inch pipe. The heat loss is 30,000 B. T. U. per hour. What length 
of pipe will be required? Ans. 230 linear feet. 

Location of Radiators. Radiators should, if possible, be placed 
in the coldest part of the room, as under windows or near outside 
doors. In living rooms it is often desirable to keep the windows free, 
in which case the radiators may be placed at one side. Circulation 
coils are run along the outside walls of a room under the windows. 
Sometimes the position of the radiators is decided by the necessary 
location of the pipe risers, so that a certam amount of judgment must 
be used in each special case as to the best arrangement to suit all 
requirements. 

Systems of Piping. There are three distinct systems of piping, 
known as the iwo-pipe system, the one-pipe relief system, and the one- 
pipe circuit system, with various modifications of each and combina- 
tions of the different systems. 

Fig. 23 shows the arrangement of piping and radiators in the 
two-pipe system. The steam main leads from the top of the boiler, 
and the branches arc carried along near the basement ceiling. Risers 
are taken from the supply branches, and carried up to the radiators 
on the different floors; and return pipes are brought down to the 
return mains, which should be placed near the basement floor below 
the water-line of the boiler. Where the building is more than two 
stories high, radiators in similar positions on different floors are con- 
nected with the same riser, which may run to the highest floor; and a 
corresponding return drop connecting with each radiator is carried 
down beside the riser to the basement. A system in which the main 
horizontal returns are below the water-line of the boiler is said to 
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have & wet OT sealed return. If the returns are overhead and above the 
water-line, it is called a dry return. Where the steam is exposed to 
extended surfaces of water, as in overhead returns, where the con- 
densation partially fills the pipes, there is likely to be cracking or 
water-hammer, due to the sudden condensation of the steam as it 
comes in contact with the cooler wafer. This is especially noticeable 
when steam is first turned into cold pipes and radiators, and the con- 
densation is excessive. When dry returns are used, the pipes should 
be large and have a good pitch toward the boiler. 

In the case of sealed returns, the only contact between the steam 




and standing water is in the vertical returns, where the exposed sur- 
faces are very small (being etjual to the sectional area of the pipes), 
and trouble from water-hammer is practically done away with. Dry 
returns should be given an incline of at least 1 inch in 10 feet, while 
for wet returns 1 inch in 20 or even 40 feet is ample. The ends of all 
steam mains and branches should be dripped into the returns. If the 
return is sealed, the drip may be directly connected as shown in Fig. 
24; but if it is dry, the connection should be provided with a siphon 
loop as indicated in Fig, 25. The loop becomes filled with water, 
and prevents steam from flowing directly into the return. As the 
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Fig. 24. Drip from Steam Main Connected Directly 

to Sealed Return. 



condensation collects in the loop, it overflows into the return pipe and 
is carried away. The return pipes in this case are of course filled with 
steam above the water; but it is steam which has passed through 
the radiators and their return connections, and is therefore at a 
slightly lower pressure; steam Ma^r. 

so that, if steam were ad- B ^ , 

mitted directly from the 
main, it would tend to 
hold back the water in 
more distant returns and 
cause surging and crack- 
ing in the pipes. Some- 
times the boiler is at a 
lower level than the basement in which the returns are run, and it then 
becomes necessary to establish a fahe water-line. This is done l)y 
making connections as shown in Fig. 26. 

It is readily seen that the return water, in order to reach the 
boiler, must flow through the trap, which raises tlie water-line or 
seal to the level shown by the dotted line. The balance pipe is to 
ec]ualize the pressure above and below the water in the trap, and 
prevent siphonic action, which would tend to drain the water out of 
the* return mains after a flow was once started. 

The balance pipe, when possible, should be 15 or 20 feet in 
length, with a throttle-valve placed near its connection with the 

main. This valve 

«^ 
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should be opened just 
enough to allow the 
steam-pressure to act 
upon the air which oc- 
cupies the space above 
the water in the trap; 
but it should not be 
opened sufiiciently to 
allow the steam to 
enter in large volume and drive the air out. The success of this 
arrangement depends upon keeping a layer or cushion of cool air 
next to the surface of the water in the trap, and this is easily done 
by following the method here described. 




Fig. 26. Use of Siphon In Connecting Drip from Steam 
Main to a *'Dry" Return. 
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One-Pipe Relief System. In this system of piping, the radiators 
have but a single connection, the steam flowing in and the condensa- 
tion draining out through the same pipe. Fig. 27 shows the method 
of running the pipes for this system. The steam main, as before, 
leads from the top of the boiler, and is carried to as high a point as the 
basement ceiling will allow; it then slopes downward with a grade 
of about 1 inch in 10 feet, and makes a circuit of the building or a 
portion of it. 

Risers are taken from the top and carried to the radiators above, 
as in the two-pipe system; but in this case, the condensation flows 
back through the same pipe, and drains into the return main near the 

floor through 
drip connections 
which are made 
at frequent in- 
tervals. In a 
two-story build- 
ing, the bottom 
of each riser to 
the second floor 
is dripped; and 
in lai^r build- 
ings, it is cus- 
tomary to drip 
each riser that 
has more than 

• 

one radiator con- 
nected with it. If the radiators are large and at a considerable dis- 
tance from the next riser, it is better to make a drip connection for 
each radiator. When the return main is overhead, the risers should 
be dripped through siphon loops; but the ends of the branches 
should make direct connection with the returns. This is the reverse 
of the two-pipe system. In this case the lowest pressure is at the 
ends of the mains, so that steam introduced into the returns at these 
points will cause no trouble in the pipes connecting between these and 
the lK)iler. 

If no steam is allowed to enter the returns, a vacuum will be 
formed, and there will be no pressure to force the water back to the 
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Fig. 36. Connections Made to Establish "False" Water-Llne 
when Boiler is below Basement LeveL 
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boiler. A check-valve should always be placed hi the main return 




V^g n ATniiiB«m«nt ot Piping uid Radlatora In ■■One-npe BeUeT' SjslBm. 
near the boiler, to prevent the water from flowing out in case of a 
vacuum being formed suddenly in the pipes. 




An-aiiBPmsnt of Piping uid B<UII»tO»lln"Olte-Plp«Clrciilt"Syslem 

'I'liere is but little difference in the cost of the two systems, as 



larger jiipcs and valvi 



! recjuired for the single-pipe method 
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With radiators of medium size and properly proportioned connections, 
the single-pipe system in preferable, there being but one valve to 
operate and only one-half the number of risers passing through the 
lower rooms. 

One-Pipe Circuit System. In this case, illustrated in Fig. 28, the 
steam main rises to the highest point of the basement, as before; and 
then, with a considerable pitch, makes an entire circuit of the build- 
ing, and again connects with the boiler below the water-line. Single 

risers are taken 
from the top; and 
the condensa- 
tion drains back 
through the 
same pipes, and 
is carried along 
with the flow of 
steam to the ex- 
treme end of the 
main, where it is 
returncxl to the 
I) o i 1 e r. T h e 
main is made 
large, and of 
the same size 

throughout its entire length. It must be given a good pitch to insure 
satisfactory results. 

One objection to a single-pipe system is that the steam and return 
water are flowing in opposite directions, and the risers must be made 
of extra large size to prevent any interference. This is overc(jme in 
large buildings by carrying a single riser to the attic, large enough 
to supply the entire building; then branching and running "drops" 
to the basement. In this system the flow of steam is downward, as 
well as that of water. This method of piping may be used with good 
results in two-pipe systems as well. Care must always be taken that 
no pockets or low points occur in any of the lines of pipe; but if for 
any reason they cannot be avoided, they should be carefully drained. 
A modification of this system, adapting it to large buildings, is 
shown in diagram in Fig. 29. The riser shown in this case is one of 
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Fig. 29. "One-Pipe Circuit" System. Adapted to a Large 

•Builditig. 
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several, the number depending upon the size of the building; and 
may be supplied at either bottom or top as most desirable. If steam 
is supplied at the bottom of the riser, as shown in the cut, all of the 
drip connections with the return drop, except the upper one, should 



Fig. 30. -Two-Plne" Connoctfim of Radlu- Fig. SI. "ODB-Plpe" CinmetUcn or Kadla- 
Ut to Itfaer and Iteliiru. tor (o Basement Halu- 

l>c settled with cither a siphon loop or a check-valve, to prevent the 
steam from .short-circuiting and holding back the ci>iKlensation in the 
R'tums alK)ve. If an overhead supply is used, (he arrangi'mcnt 
should lie the revcrsfi; that is, all return coniicctions .sIionM Ijo scaled 
except the lowest. 

Sometimes a separate drip is carrie<l down from each set of 
radiators, as shown on the lower story, being connected with the 
main return below the water-line of the 
boiler. In case this is done, it is well to 
. provide a check-valve in each drip below 
the water-line. 

In buildings of any considerable size, 
it is well to divide the piping system into 
sections by means of valves placed in the 
correspondingsupply and return branches. 
These are for use in case of a break in 
any part of the system, so that it will be Fig-«i- "One-pipe-connecUon 

^ '^ . ~ . of RaUUior to RlBar. 

necessary to shut off only a small part of 

the heating system during repairs. In tall buildings, it is customary 

to place valves at the top and bottom of each riser, for the same 

purpose. 

Radiator Connections. Figs. 30, 31, and 32 show the common 
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methods of making connections between supply pipes and radiators. 
Fig. 30 shows a two-pipe connection with a riser; the return is carried 
down to the main below. Fig. 31 shows a single-pipe connection 
with a basement main; and Fig. 32, a single connection with a riser. 

Care must always be taken to make the horizontal part of the 
piping between the radiator and riser as short as possible, and to give 
it a good pitch toward the riser. There are various ways of making 
these connections, especially suited to different conditions; but the 
examples given serve to show the general principle to be followed. 

Figs. 20, 21, and 22 show the common methods of making steam 
and return connections with circulation coils. The position of the 
air-valve is shown in each case. 

Expansion of Pipes. Cold steam pipes expand approximately 
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Fig. S3. Elevation and Plan of Swivel-Joint to Counteract Effects of Expansion and 

Contraction in Pipes. 

1 inch in. each 100 feet in length when low-pressure steam is turned 
into them; so that, in laying out a system of piping, we must arrange 
it in such a manner that there will be sufficient "spring" or "give" to 
the pipes to prevent injurious strains. This is done by means of off- 
sets and bends. In the case of larger pipes this simple method will 
not be sufficient, and swivel or slip joints must be used to take up the 
expansion. 

The method of making up a swivel-joint is shown in Fig. 33. 
Any lengthening of the pipe A will be taken up by slight turning or 
swivel movements at the points B and C A slij>-joint is shown in 
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Fig. 34. The part c slides inside the shell d, and is made steam- 
tight by a stuffing-box, as shown. The pipes are connected at the 
flanges .1 and B. 




Take Care of Expansion 



diameter from J to 1 inch greater than the pipe. Fig. 35 shows a 
form of adjustable floor-sleeve 
which may be lengthened or 
shortened to conform to the 
thickness of floor or partition. 
If plain sleeves are used, a 
plate should be placed around 




Floor or Partition. 



the pipe where it pa^es through the floor or partition. These are 
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Fig. 39. Comer VbIvs. 



made in two parts so that they may l)c put in place after the pipe is 
hung. A plate of this kind is shown in Fig. 3G. 
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Valves. The different styles commonly used for radiator con- 
nections are shown in Figs. 37, 38, and 39, and are known as angle, 
offset, and comer valves, respectively. The first is used when the 
radiator is at the top of a riser or when the connections are like those 
shown in Figs. 30, 31, and 32; the second is used when the connection 




Steatn Supply 



between the riser and radiator is alxive tlic flottr; and the third, when 
tlie radiator has to lie set close in the corner of a nxmi and there is not 
space for. the usual connection. 

A yUibe valve should never In; used in a honiioiUal steam sup])ly 
or dry return. The reason for this is plainly 
shown in Fig. 41), In order for water to flow 
through the valve, it must rise to a height 
,showM l»y (he dcrtted line, which woulil half 
till tile piiHfi, and cause serious tniuble from 
water-hammer. The gate valve shown in 
Fig. 41 does not have this undesirable fea- 
tiirc, as the opening is on a level with the 
bottom of the pipe. 
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Fig. 41. QaleValva. Fig. 12. SlmplealFonnoI Air-Valve. OperaMd by Hand. 

Air-Valves. Valves of various kinds are used for freeing the 
railiators from air when steam is ttirned on. Fig. 42 shows the 
simplest fonii, which is operated by hand. Fig. 43 is a type of auto- 
matic valve, consisting of a slicll, which is attached to the rK4liator. 
i' 's a small opening which may be closed by the spindle C, which 
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is provided with a conical end. Z> is a strip composed of a layer of 
iron or steel' and one of brass soldered or brazed together. The 
action of the valve is as follows : 
when the radiator b cold and filled 
with air the valve stands as shown 
in the cut. When steam is turne I 
on, the air is driven out through 
the opening B. As soon as this 
is expelled and steam strikes the 
strip D, the two prongs spring 
apart owing to the unequal ex- 
pansion of the two metals due to 
the heat of the steam. This 
raises the spin<lle C, and closes 
the opening so that no steam can 
cfiCHpe. If air should collect in 
the valve, and the metal strip 
liecome cool, it would contract, 
and the spindle would drop and 
allow the air to escape through B 

as before. £ is an ^justing nut. /^ is a float attached to the spindle, 
and is supposed, in case of a sudden rush 
of water with the air, to rise and close the 
opening; this action, however, is some- 
what uncertain, especially if the pressure 
of water continues for some time. 

There areother types of valves acting 
on the same principle. The valve shown 
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in Fig. 44 is closed by the expansion of a piece of vulcanite instead 
of a metal strip, and has no water float. 
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The valve sliown in Fig. 45 acts on a somewhat different prin- 
ciple. The float C is made of thin brass, closed at top and bottom, 
and is partially filled with wood alcohol. When steam strikes the 
float, the alcohol is vaporized, and creates a pressure sufficient to 
bulge out the ends slightly, which raises the spindle and closes the 
optrning B. 

Fig. 4fi shows a form of so-called vacuum valve. It acts in a 
similar manner to those already described, but has in addition a 
ball check which prevents the air from being 
drawn into the radiator, should the steam go 
down and a vacuum be formed. If a partial 
vacuum exists in the boiler and radiators, the 
boiling point, and consequently the tempera- 
ture of the steam, are lowered, and less heat is 
given off by the radiators. This method of 
ojxirating a heating plant is sometimes advo- 
cated for spring and fall, when little heat is re- 
quired, anrl when steam under pressure would 
overheat the rooms. 

Pipe Sizes. The proportioning of the steam 
pipes in a heating plant is of the greatest im- 
portance, and should be carefully worked out 
by methods which experience has proved to be 
Fig. 40. vacuum Valve. coFFect. There are several ways of doing this ; 
but for ordinary conditions, Tables XIV, XV, 
and XVI have given excellent results in actual practice. They 
have been computed from what is known as D'Arcy's formula, with 
suitable corrections made for actual working conditions. As the 
computations are somewhat complicated, only the results will be given 
here, with full directions for their proper use. 

Table XIV gives the flow of steam in pounds per minute for 
pipes of different diameters and with varying drops in pressure be- 
tween the supply and dischai^ ends of the pipe. These quantities 
are for pipes 100 feet in length; for other lengths the results must be 
corrected by the factors given in Table XVI. As the length of pipe 
increases, friction becomes greater, and the quantity of steam dis- 
chaiged in a ^ven time is diminished. 

Table XIV is computed on the assumption that the drop b 
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TABLE XIV 

Flow of Steam In Pipes of Various Sizes, witli Various Drops in Pres- 
sure between Supply and !>ischarge Ends 

Calculated for 100-Foot Lengths of Pipe 



O 
. U 

5js 








Drop i?f PRKftfiURE (Pounds) 






1^ 


H 


H 


/4 

.78 


1 


VA 


2 


3 


4 

« 

1.97 


5 


1 


.44 


.63 


91 


1.13 


1.31 


1.66 


2.26 


IK 


.81 


1.16 


1.43 


1.66 


2.05 


2.39 


3.02 


3.59 


4.12 


i>^ 


1.06 


1.89 


2.34 


2.71 


3.36 


3.92 


4.94 


5.88 


6.75 


2 


2.93 


4.17 


5.16 


5.99 


7.43 


8.65 


10.9 


13.0 


14.9 


2H 


5.29 


7.52 


9.32 


10.8 


13.4 


15.6 


19.7 


23.4 


26.9 


3 


8.61 


12.3 


15.2 


17.6 


21.8 


25.4 


32 


31.8 


43.7 


3H 


12.9 


18.3 


22.6 


26.3 


32.5 


37.9 


47.8 


56.9 


65.3 


4 


18 1 


25.7 


31.8 


36.9 


45.8 


53.3 


67.2 


80.1 


91.9 


5 


32.2 


45.7 


56.6 


65.7 


81.3 


94.7 


120 


142 


163 


6 


51.7 


73.3 


90.9 


106 


131 


152 


192 


229 


262 


7 


76.7 


109 


135 


157 


194 


226 


285 


339 


390 


8 


108 


154 


190 


222 


274 


319 


402 


478 


549 


9 


147 209 


258 


299 


371 


432 


545 


649 


745 


10 


1 92 273 


339 


393 


487 


567 


715 


852 


977 


12 


305 434 


537 


623 


771 


899 


1,130 


1.350 


1,550 


15 


535 


761 


942 


1,090 


1,350 


1,580 


1,990 

1 


2,370 

1 


2.720 



pressure between the two ends of the pipe ecjuals the initial pressure. 
If the 'drop in pressure is less than the initial pressure, the actual 
discharge will be slightly greater than the quantities given in the table; 

TABLE XV 
Factors for Calcuiatine Flow of Steam in Pipes under Initial Pres- 
sures above Five Pounds 

To be used in connection with Table XIV 



Drop in 

Prkhsurr 

IN Pounds 



i 

i 
1 

2 

3 

4 

5 



Initial Pressure (Pounds) 



10 



1 

1 
1 
1 
1 
1 
1 



27 
26 
24 
21 
17 
14 
12 



20 



30 



40 



60 



80 



1.49 
1.48 
1.46 
1.41 
1.37 
1.34 
1.31 



1.68 
1.66 
1.64 
1.59 
1.55 
1.51 
1.47 



1.84 


2.13 


2.38 


1.83 


2.11 


2.36 


1.80 


2.08 


2.32 


1.75 


2.02 


2.26 


1.70 


1.97 


2.20 


1.66 


1.92 


2.14 


1.62 


1.S7 


2.09 




_ 





but this difference will be small for pressures up to 5 pounds, and may 
be neglected, as it is on the side of safety. For higher initial pressures, 
Table XV has been prepared. This is to be used in connection with 
Table XIV as follows : First find from Table XIV the quantity of 
steam which will be discharged through the given diameter of pipe 
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TABLE XVI 

Factors for Calculating Flow of Steam In Pipes of Other Lengths 

than 100 Feet 



Feet 


Factor 
3.16 


1 

Feet 

120 


Factor 


1 Feet 
275 


Factor 


1 

Feet 


Factor 


10 


.91 


.60 


'■ 600 


.40 


20 


2.24 


130 


.87 


300 


.57 


650 


.39 


30 


1.82 


14d 


.84 


325 


.55 


700 


.37 


40 


1.58 


150 


.81 ; 


350 


.53 


750 


.36 


50 


1.41 


160 


.79 


375 


.51 


800 


.35 


60 


1.29 


170 


.76 


400 


.50 


850 


.34 


70 


1.20 


: 180 


.74 


425 


.48 


900 


.33 


80 


1.12 


1 190 


.72 


450 


.47 


950 


.32 


90 


1.05 


200 


.70 i 


475 


.46 


1,000 


.31 


100 


1.00 


225 


.66 


500 


.45 






110 


.95 


250 


.63 


550 


.42 







with the assumed drop in pressure; then look in Table XV for the 
factor corresponding with the assumed drop and the higher initial 
pre.s.sure to be used. The quantity given in Table XIV, multiplied 
by this factor, will give the actual capacity of the pipe under the given 
conditions. 

Example — What weight of steam will be discharged through a 3-inch 
pipe 1(X) feet long, with an initial pressure of 60 pounds and a drop of 2 pounds? 

Looking in Table XIV, we find that a 3-inch pipe will dis- 
charge 25 . 4 pounds of steam per minute with a 2-pound drop. Then 
looking in Table XV, we find the factor corresponding to 60 pounds 
initial pressure and a drop of 2 pounds to be 2.02. Then according 
to the rule given, 25.4 X 2.02 = 51. 3 pounds, which is the capacity 
of a 3-inch pipe under the assumed conditions. 

Sometimes the problem will be presented in the following way: 
What size of pipe will be requireci to deliver 80 pounds of steam a 
distance of 100 feet with an initial pressure of 40 pounds and a drop 
of 3 pounds? 

We have seen that the higher the initial pressure with a given 
drop, the greater will be the quantity of steam discharged; therefore 
a smaller pipe will be required to deliver 80 pounds of steam at 40 
pounds than at 3 pounds initial pressure From Table XV, we find 
that a given pipe will discharge 1 .7 times Jis much steam per minute 
with a pressure of 40 pounds and a drop of 3 pounds, as it would with 
a pressure of 3 pounds, dropping to zero. From this it is evident 
that if we divide 80 by 1 .7 and look in Table XIV under "3 pounds 
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drop" for the result thus obtained, the size of pipe corresponding will 
be that required. Now, 80 -r 1 .7 = 47. The nearest number in the 
table marked "3 pounds drop" is 47.8, which corresponds to a 3J- 
inch pipe, which is the size required. 

* These conditions will seldom be met with in low-pressure heating, 
but apply more particularly to combination power and heating plants, 
and will be taken up more fully under that head. For lengths of 
pipe other than 100 feet, multiply the quantities given in Table XIV 
by the factors found in Table XVI. 

Example — What weight of steam will be discharged per minute through 
a 3 J -inch pipe 450 feet long, with a pressure of 5 pounds and a drop of J pound? 

Table XIV, which may be used for all pressures below 10 pounds, 
gives for a 3i-inch pipe 100 feet long, a capacity of 18.3 pounds for 
the above conditions. Looking in Table XVI, we find the correction 
factor for 450 feet to be .47. Then 18.3 X .47 = 8.6 pounds, the 
quantity of steam which will be discharged if the pipe is 450 feet 
long. 

Examples involving the use of Tables XIV, XV, and XVI in 
combination, are quite common in practice. The following example 
will show the method of calculation: 

What size of pipe will be required to deliver 90 pounds of steam per 
minute a distance of 800 feet, with an initial pressure of 80 pftunds and a drop 
of 5 pounds? 

Table XVI gives the factor for SOO feet as .35, and Table XV, 

that for 80 pounds pressure and 5 pounds drop, as 2.09. Then 

90 
-— w~f;F\ ~ ^^^» which is the equivalent quantity we must look 

for in Table XIV. We find that a 4-inch pipe will discharge 91.9 
pounds, and a 5-inch pipe 163 pounds. A 4i-inch pipe is not com- 
monly earned in stock, and we should probably use a 5-inch in this 
case, unless it was decided to use a 4-inch and allow a slightly greater 
drop in pressure. In ordinary heating work, with pressures varying 
from 2 to 5 pounds, a drop of \ pound in 100 feet has been found to 
give satisfactory results. 

In computing the pipe sizes for a heating system by the above 
methods, it would be a long process to work out the size of each 
branch separately. Accordingly Table XVII has been prepared for 
ready use in low-pressure work. 
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As most direct heating systems, and especially those in school- 
houses, are made up of both radiators and circulation coils, an eflB- 
ciency of 300 B. T. U. has been taken for direct radiation of whatever 
variety, no distinction being made between the different kinds. ITiis 
gives a slightly larger pipe than is necessary for cast-iron radiators; 
but it is probably offset by IxMids in the pipes, and in any case gives a 
slight factor of safety. We find from a steam table that the latent 
heatlpi steam at 20 pounds above a vacuum (which corresponds to 
5 pounds' gauge-pressure) is 954 + B.T. U. — which means that, for 
every pound of steam condensed in a radiator, 954 B. T. U. are given 
off for warming the air jf the room. If a radiator has an efficiency 
of 300 B. T. U., then each square foot of surface will condense 300 -r- 
954 = .314 pound of steam per hour; so that we may assume in 
round numbers a condensation of J of a pound of steam per hour for 
each square foot of direct radiation, when computing the sizes of 
steam pipes in low-pressure heating. Table XVII has been calculated 
on this assumption, and gives the square feet of heating surface 

TABLE XVI! 
Heating Surface Supplied by Pipes of Variou3 Sizes 

Length of Pipe, 100 Feet 



SiZK OF PiPK 


Squarr Feet op Ueatino Surface 


J Pound Drop i Pound ©rop 


1 


80 


114 


H 


145 


210 


14 


190 


340 


2 


525 


750 


'2i 


950 


1,350 


3 


1,550 


2,210 


^ 


2,320 


3,290 


4 


3,250 


4,620 


T) 


5,800 


8,220 


f) 


9,320 


13,200 


7 


13,800 


19,620 


S 


19,440 

% 


27,720 



whicli different sizes of pipe will supply, with drops in pressure of 
\ and h pounds in each 1(X) feet of pipe. The former should be used 
for pressures from 1 to 5 pounds, and the latter may be used for 
pressures over 5 pounds, under ordinary conditions. The sizes of 
long mains and special pipes of large size should be proportioned 
directly from Tables XIV, XV, and XVL 
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Where the two-pipe system is used and the radiators have sepa- 
rate supply and. return pipes, the risers pr vertical pipes may be taken 
from Table XVII; but if the single-pipe system is used, the risers 
must be increased in size, as the steam and water are flowing in oppo- 
site directions and must have plenty of room to pass each other. It 
is customary in this case to base the computation on the velocity of 
the steam in the pipes, rather than on the drop in pressure. Assum- 
ing, as before, a condensation of one-third of a pound of steam per 
hour per square foot of radiation, Tables XVIII and XIX have been 
prepared for velocities of 10 and 15 feet per second. The sizes given 
in Table XIX have been found suflicient in most cases; but the larger 
sizes, based on a flow of 10 feet per second, give greater safety and 
should be more generally used. The size of the largest riser should 
usually be limited to 2J inches in school and dwelling-house work, 
unless it is a special pipe carried up in a concealed position. If the 
length of riser is short between the lowest radiator and the main, a 
higher velocity of 20 feet or more may be allowed through this por- 
tion, rather than make the pipe excessively large. 

TABLE XVIII TABLE XIX 

Radiating: Surface Supplied by Steam Risers 



10 Fekt per Second Velocity 


16 Feet per Second Velocity 


Size of Pipe 


Sq. Feet of Radiation 


Size of Pipe 


Sq. Feet of Radiation 


1 in. 


30 


1 in. 


50 


U " 


60 


IJ " 


90 


li " 


80 


li - 


120 


2 " 


130 


2 " 


200 


2i " 


190 


2i " 


290 


3 " 


290 


3 " 


34T) 


3i " 


390 


3} " 


590 



EXAMPLES FOR PRACTICE 

1. How many pounds of steam will be delivered per minute, 
through a 3i-inch pipe 600 feet long, with an initial pressure of 5 
pounds and a drop of J pound? Ans. 7.32 pounds. 

2. What size pipe will be required to deliver 25.52 pounds 
of steam per minute with an initial pressure of 3 pounds and a drop 
of J pound, the length of the pipe being 50 feet? Ans. 4-inch. 

3. Compute the size of pipe required to supply 10,000 square 
feet of direct radiation (assume ^ of a pound of steam per square 
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foot per hour) where the distance to the boiler house is 300 feet, and 
the pressure carried is 10 pounds, allowing a drop in pressure of 
4 pounds. Axs. 5-inch (this is slighdy larger than is required, while 
a 4-inch is much too small). 

TABLE XX 
Sizes of Returns for Steam Pipes (in inches) 



DiAMKTKR OK SteAM PiPK 


DiAMETKR OP Dry Return 


Diameter op Sealed Return 


1 


1 


i 


li 


1 


1 


IJ 


u 


1 


2 


li 


U 


2i 


2 


li 


3 


2J 


2 


3i 


2i 


2 


4 


3 


2i 


5 


3 


2i 


6 


3§ 


3 


7 


3J 


3 


8 


4 


3i 


9 


5 


3i 


10 


5 


4 


12 


6 


5 



Returns. The size of return pipes is usually a matter of custom 
and judgment rather than computation. It is a common rule among 
steamfitters to make the returns one size smaller than the corre- 
sponding steam pipes. This is a g(K)d rule for the smaller sizes, but 
gives a larger return than is necessary for the larger sizes of pipe. 
Table XX gives different sizes of steam pipes with the corresponding 
diameters for drv and sealed returns. 

TABLE XXi 
Pipe Sizes for Radiator Connections 



Square Fket op Radiation 


Steam 


RGTnRN 


Two-Pipe 


10 to 30 
30 to 48 
48 to 96 
96 to 150 


} inch 
1 " 

U " 
li " 


f inch 

i " 

1 " 


Single-Pipe 


10 to 24 
24 to 60 
60 to 80 
80 to 130 


1 inch 

li " 

2 " 
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The length of run and number of turns in a return pipe should 
be noted, and any unusual conditions provided for. Where the 
condensation is discharged through a trap into a lower pressure, the 
sizes given may be slightly reduced, especially among the larger 
sizes, depending upon the differences in pressure. 

Radiators are usually tapped for pipe connections as shown in 
Table XXI, and these sizes may be 4 

used for the connections with the f J I — Ll!^ 




Pig 47. Good Position for Shut-Off 
Valve. 



mams or risers. 

Boiler Connections. The steam 
main should be connected to the 
rear nozzle, if a tubular boiler is 
used, as the boiling of the water is 
less* violent at this point and dryer 
steam will be obtained. The shut- 
off valve should be placed in such a position that pockets for the 
accumulation of condensation will be avoided. Fig. 47 shows a good 
position for the valve. 

The size of steam connection may be computed by means of the 
methods already given, if desired. But for convenience the sizes 
given in Table XXII may be used with satisfactory results for the 
short runs between the boilers and main header. 



TABLE XXII 
Pipe Sizes from Boiler to Main Header 



DlAMKTEK or 


BOILKR 


SizK or Stk 


,AM PlPK 


3() iiK 


[•hes 


3 inches 


42 




4 




48 




4 




54 




5 




60 




5 




06 




6 




72 




6 





The n»turn connection is made through the blow-off pipe, and 
should be arranged so that the boiler can be blown off without draining 
the returns. A check-valve should be placed in the main return, and 
a plug-cock in the blow-off pipe. Fig. 48 shows in plan a good 
arrangement for these connections. 
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The feed connections, with the exception of that part exposed 
in the smoke-bonnet, are always made of brass in the best class of 
work. The small section referred to should be of extra heavy wrought 
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Tig. 48. A Good Arrangement- of Return and Blow-Off Connections. 

iron. The branch to each boiler should be provided with a gate 
or globe valve and a check-valve, the former being placed next to the 
boiler. 

Table XXIII gives suitable sizes for return, blow-ofif, and feed 
pipes for boilers of different diameters. 

TABLE XXIII 
Sizes for Return « Blow-Off, and Feed Pipes 



Diameter of Boiler 



I Size of Pipe 
for Gravity Return 



36 inchoH 

42 " 

48 

54 

60 

66 

72 



It 
It 

<t 
tt 



IJ inches 

2 

2 

2J " 

2i " 

3 " 

3 



Size of Blow-Off 
Pipe 



IJ inches 

li 

li 
2 

2 

2i 

2i 



>t 
tt 
tt 
It 
tt 



Size of Feed Pipe 



1 inch 

1 

1 

U 
U 
li 
li 



tt 
it 
tt 
it 
tt 



Blow-Off Tank, Where the blow-off pipe connects with a 
sewer, some means must be provided for cooling the water, or the 
expansion and contraction caused by the hot water flowing through 
the drain-pipes will start the joints and cause leaks. For this reason 
it is customary to pass the water through a blow-off tank. A form 
of wrought-iron tank is shown in Fig. 49. It consists of a receiver 
supported on cast-iron cradles. The tank ordinarily stan<ds nearly 
full of cold water. 

The pipe from the l)oiler enters above the water-line, and the 
sewer connection leads from near the bottom, as shown. A vapor 
pipe is carried from the top of the tank above the roof of the building. 
When water from the boiler is blown into the tank, cold water from 
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the bottom flows into the sewer, and the steam is carried oflf through 
the vapor pipe. The equalizing pipe is to prevent any siphon action 
which might draw the water out of the tank after a flow is once started. 
As only a part of the water is blown out of a boiler at one time, the 
blow-oflf tank can be of a comparatively small size. A tank 24 by 48 
inches should be large enough for boilers up to 48 inches in diameter; 
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Fig. 49. Connections of Blow-Off Tank. 
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^ 



and one 36 by 72 inches should care for a boiler 72 inches in diameter. 
If smaller quantities of water are blown off at one time, smaller tanks 
can be used. The sizes given above are su£5cient for batteries of 2 or 
more boilers, as one boiler can be blown off and the water allowed to 
cool before a second one is blown off. Cast-iron tanks are often 
used in plac^^ of wrought-iron, and these may be sunk in the ground 
if desired. 
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HEATING AND VENTILATION 

PART II 



INDIRECT STEAM HEATING 

As already stated, in the indirect method of steam heating, a 
special form of heater is placed beneath the floor, and encased in 
galvanized iron or in brickwork, A cold-air box is connected with 
the space beneath the heater; and warm-air pipes at the top are 
connected with registers in the floors or walls as already described for 
furnaces. A separate heater may be provided for each register if the 
rooms are large, or two or more registers may be connected with the 
same heater if the horizontal runs of pipe are short. Fig. 50 shows 
a section through a heater arranged for introducing hot air into a 
room through a floor register; and Fig, 51 shows the same type of 
heater connected with a wall register. The cold-air box is seen at 
the bottom of the casing; and the air, in passing through the spaces 
between the sections of the heater, becomes warmed, and rises to the 
rooms above. 

Different forms of inilirect heaters are shown in Figs. 52 and 53. 
Several sections con- 
nected in a single group 
are called a stack. Some- 
times the stacks are en- 
cased in brickwork built 
up from the basement 
floor, instead of in gal- 
vanized iron as shown in 
the cuts. This method 
of heating provides fresh 
air for ventilation, and for 
this reason is especially 

adapted for schoolhouses, hospitals, churches, etc. As com- 
pared with furnace heating, it has the advantage of being less 
affected by outside wind-pressure, as long runs of horizontal pipe 
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are avoided and the heaters can be placed near the registers. In a 
large building where several furnaces would be required, a sinp';* 
boiler can be used, and thf ^lum- 
ber of stacks inerep.^<ed to suit • 
the exbting conditions, thus 
making it necessary to run but 
a single fire. Another advan- 
t^e b the large ratio between 
the heating and grate surface 
as compared with a furnace; 
and as a result, a large quan- 
tity of air is warmed to a mod- 
erate temperature, in place of 
a smaller quantity heated to a 
much higher temperature. 
This ^ve3 a more agreeable 
quality to the air, and renders 
it less dry. Direct and indi- 
j. rect, systems are often com- 
bined, thus providing the liv- 
ing rooms with ventilation, while the hallways, corridors, etc., have 
only direct radiators for wanning. 

Types of Heaters. Various forms (»f indirect radiators are shown 
in Figs. 52, 53, 54, and ■')(>. A hot-water radiator may bo used for 
fiteam; but a .steam radiator cannot aiway.s bi- used for hot water, at 



Fig-. G3. Oq« Form ot Indirect Steam or Hot-Wftter B war. 

it must be especially designed to produce a continuous flow of water 
through it from top to bottom. Figs. 54 and 55 show the outside 
and the interior construction of a common pattern of indirect radiator 
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designed especially for steam. The arrows in Fig. 55 indicate the 
path of the steam through the radiator, which is supplied at the right, 
while the return connection is at the left. The air-valve in this case 
should be connectefl in the end of the last section near the return. 



FIk. B3. AnoUisr Form of Indirect Steam or Hot- Water Heater. 

A very efficient form of radiator, and one that is especially adapted 
to the warming of large volumes of air, as in schoolhouse work, is 
shown in Fig. 56, and is known as the School pin radiator. This can 



g lilM I MiM l liW 



Viit- M. KztcTlnr Vl<w ut t. < 

be used for either steam 



lu Type or Kadlatur tor Indlrecl-Steam HeatlnK. 



hot water, us there is a continuous passage 
downward from the supply connection at the top to the return at the 
bottom. These sections or slabs are made up in stacks after the 



Fig. 55. Interior Uecbaalsm of Kadlalor Shown In Fig. M. 

manner shown in Fig. 57, which represents an end ,view of several 
sections connected together with special nipples. 

A very efficient form of indirect heater may be made up of 
wrought-iron pipe joined together with branch tees and return bends. 
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A heater like that shown in Fig. 58 is known as a box coil. Its effi- 
ciency is increased if the pipes are stagfjered— that is, if the pipes in 
aheniate rows are placed over the spaces between those in the row 
below. 

Efficiency of Heaters. The efficiency of an indirect heater 



PlR-M. '■School Pin'' 

depends upon its form, the difference in temperature between the 
steam and tlie surrounding air, and the velocity with which the air 
passes over the heater. Under ordinary conditions in dwelling-house 
work, a good form of indirect radiator will give off about 2 B. T. U. 
per s«|uare foot per hour for 
each degree difference in tem- 
perature between the steam 
and the entering air. Assum- 
ing a steam pressure of 2 
pounds and an outside tem- 
perature of zero, we should 
have a difference in tempera- 
ture of alwut 220 degrees, 
which, un<lcr the conditions 
stated, would give an efficiency 

of 220 X 2 = 440 B. T. U. PIB.W. EudVlew oI SBveraP'Scbool PIu- 

per hour for each square foot 

of ra<!iation. By making a similar computation for 10 degrees be- 
low zero, we find the efficiency to l>c 400. In the .same manner we 
may calculate the efficiency for varying conditions of steam pressure 
and outside temperature. In the case of schoolhouscs and similar 
buildings where large volumes of air are warmed to a moderate tem- 
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perature, a somewhat highir efficiency is obtained, owinf; to the in- 
crease<] velocity of the air over the heaters. Where efficiencies of 440 
and 4f(0 are used for dwellinjp), we may substitute 000 and 620 for 
school hou.scs. This corresponds approximately to 2.7 B. T. U. per 
s({uarc f<M>t per Iii)ur for a differt-nce of 1 degree iM'twecn the air and 
steam. 

The principles. involved in indirect steam heating are similar 
to those already dcscriljwl in furnace heating. Part <if the heat given 
off by the rarliator must l>e used In warming up the air-supply to the 
temperature of the room, and part for offsetting the loss by conduction 
throiigh walls and windows. The method of computing the heating 
surface required, depends upon the volume of air to be supplied to the 
room. In the case of a schoolroom or hall, where the air quantity 
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»iillt tJpof Wrought-lron Pipe, for Inillrcc 



is large as («mparcil with the rx[Hiscil wall and window surface, we 
should proceed as follows: 

First compute the IJ. T, U. rcfjuin^l for lo.s.s by conduction 
through walls and windows; an<l to this, add the B. T. U. required 
for the necessary ventilation; and divide the .sum by the efficiency 
of the radiators. An example will make this clear. 

F.xtimpk. How many square Ipi-i of inilirnct rwiiation will l«j rw|Uired 
to warm and vpntilaln a Kcln>olrrioni in zero wouIIkt, where Iho hcnt loss by 
roniluction through waits and windnws is 30,000 IS. T. U., and Ihc air-supply 
is 100,000 culiic feet per hour? 

By the methods given under "Heat for Ventilation," we have 

lOOOOqjCjO^ 127,272 = B.T. U. required tor ventilation. 
36,000 + 127,272 = 163,272 B.T. II. = Total hent required. 
This in turn divided by 600 (the efficiency of indirect radiators 
under these conditions) gives 272 square feet of surface required. 
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In the case of a dwelling-house the conditions are somewhat 
changed) for a room having a comparatively large exposure will have 
perhaps only 2 or 3 occupants, so that, if the small air-quantity neces- 
sary in this case were used to convey the required amount of heat 
to the room, it would have to be raised to an excessively high temper- 
ature. It has been found by experience that the radiating surface 
necessary for indirect heating is about 50 per cent greater than that 
required for direct heating. So for this work we may compute the 
surface required for direct radiation, and multiply the result by 1.5. 

Buildings like hospitals are in a class between dwellings and 
schoolhouses. The air-supply is based on the number of occupants, 
as in schools, but other conditions conform more nearly to dwelling- 
houses. 

To obtain the radiating surface for buildings of this class, we 
compute the total heat required for warming and ventilation as in 
the case of schoolhouses, and divide the sum by the efficiencies given 
for dwellings — ^that is, 440 for zero weather, and 460 for 10 degrees 
below. 

Example. A hospital ward requires 50,000 cubic feet of air per hour for 
ventilation; and the heat loss by conduction through walls, etc., is 100,000 
B. T. U. per hour. How many square feet of indirect radiation will be required 
to warm the ward in zero weather? 

50,000 X 70 -^ 55 = 63,636 B. T. U. for ventilation; then, 

63,636 + 100,000 ^_ , . , 
440 = 372 + square feet. 

EXAMPLES FOR PRACTICE 

1. A schoolroom having 40 pupils is to be warmed and venti- 
lated when it is 10 degrees below zero. If the heat loss by conduction 
is 30,000 B. T. U. per hour, and the air supply is to be 40 cubic feet 
per minute per pupil, how many square feet of indirect radiation will 
be required? Ans. 273. 

2. A contagious ward in a hospital has 10 beds, requiring 6,000 
cubic feet of air each, per hour. The heat loss by conduction in zero 
weather is 80,000 B. T. U. How many square feet of indirect radia- 
tion will be required? Ans. 355. 

3. The heat loss from a sitting room is 11,250 B. T. U. per 
hour in zero weather. How many square feet of indirect radiation 
will be required to warm it? Ans. 75. 
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Stacks and Casings. It has already been stated that a group of 
sections connected together is called a stack, and examples of these 
with their casings are shown in Figs. 50 and 51. The casings are 
usually made of galvanized iron, and are made up in sections by 
means of small bolts so that they may be taken apart in case it is 
necessary to make repairs. Large stacks are often enclosed in brick- 
work, the sides consisting of 8-inch walls, and the top being covered 
over with a layer of brick and mortar supported on light wrought-iron 
tee-bars. Blocks of asbestos are sometimes used for covering, instead 
of brick, the whole being covered over with plastic material of the, 
same kind. 

Where a single stack supplies several flues or registers, the 
connections between these and the warm-air chamber are made in 
the same manner as already described for furnace heating. When 
galvanized-iron casings are used, the heater is supported by hangers 
from the floor above. Fig. 
59 shows the method of ^^^ 
hanging a heater from a sof^cvf^i 
wooden floor. If the floor 
is of fireproof construc- 
tion, the hangers may pass 
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up tnrOUgn tne bnck- Flg.BO. Method of nanginp: a Heater below a wooden 

work, and the ends be ^^''''^• 

provided with nuts and large washers or plates ; or they may be clamped 
to the iron beams which carry the floor. Where brick casings are 
used, the heaters are supported upon pieces of pipe or light I-beams 
built into the walls. 

The warm-air space above the heater should never be less than 
8 inches, while 12 inches is preferable for heaters of large size. The 
cold-air space may be an inch or two less; but if there is plenty of 
room, it is good practice to make it the same as the space above. 

Dampers. The general arrangement of a galvanized-iron casing 
and mixing damper is shown in Fig. 60. The cold-air duct is brought 
along the basement ceiling from the inlet wnndow, and connects 
with the cold-air chamber beneath the heater. The entering air passes 
up between the sections, and rises through the register above, as shown 
by the arrows. When the mixing damper is in its lojvest position, 
all air reaching the register must pass through the heater; but if the 
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damper is raised to the position shown, part of the air will pass by 
without g6ing through the heater, and the mixture entering through 
the register will be at a lower temperature than before. By changing 
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Fig* 00. General Arrangement of a Galvanlzed-Iron Casing and Mixing Damper 

Damper between Heater and Register. 

the position of the damper, the proportions of warm and cold air 
delivered to the room can be varied, thus regulating the temperature 
without diminishing to any great extent the quantity of air delivered 




Fig. 01. Heater and Mixing Damper with Brick Casing. Damper between 

Heater and Register. 

The objection to this form of damper is that there is a tendency for 
the air to enter the room before it is thoroughly mixed; that is, a 
stream of warm air will rise through one half of the register while 
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cold air enters through the other. This is especially true if the con- 
nection between the damper and register is short. Fig. 61 shows 
a similar heater and mixing damper, with brick casing. Cold air is 
admitted to the large chamber below the heater, and rises through 
the sections to the register as before. The action of the mixing 
damper is the same as already described. Several flues or registers 
may be connected with a stack of this form, each connection having, 
in addition to its mixing damper, an adjusting damper for regulating 
the flow of air to the different rooms. 

Another way of proportioning the air-flow in cases of this kind 
is to divide the hot-air chamber above the heater into sections, by 
means of galvanized-iron partitions, giving to each room its proper 
share of heating surface. If the cold-air supply is made sufficiently 
large, this arrangement is preferable to using adjusting dampers as 




Fig. 63. Auother Arrangement of Mixing Damper and Heater in Galvanlzed^Iron 

Casing. Heater between Damper and Register. 

described above. The partitions should be carried down the full 
depth of the heater between the sections, to secure the best results. 
The arrangement shown in Fig. 62 is somewhat different, and 
overcomes the objection noted in connection with Fig. 60, by sub- 
stituting another. The mixing damper in this case is placed at the 
other end of the heater. When it is in its highest position, all of the 
air must pass through the heater before reaching the register; but 
when partially lowered, a part of the air passes over the heater, 
and the result is a mixture of cold and warm air, in proportions 
depending upon 'the position of the damper. As the layer of warm 
air in this case is below the cold air, it tends to rise through it, and a 
more thorough mixture is obtained than is possible with the damper 
shown in Fig. 60. One quite serious objection, however, to this form 
of damper, is illustrated in Fig. 63. When the damper is nearly 
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F{(f. «. Showing DinicuUy of Re^alat 
iUK TemiJerature with Arrangement 
In Fig. 02. 







closed so that the greater part of the air enters above the heater, it 

has a tendency to fall between the sections, as shown by the anows, 

and, becoming heated, rises again, so that it is impossible to ddiver 

air to a room below a certain tem- 
perature. This peculiar action in- 
creases as the quantity of air admit- 
ted below the heater is diminished. 
When the inlet register is placed in 
the wall at some distance above 

the floor, as in schoolhouse work, a thorough mixture of air can be 

obtained by plac- 
ing the heater so 

that the current 

of warm air will 

pass up the front 

of the flue and be 

discharged into 

the room through 

the lower part of 

the register. This 

Is shown quite 

clearly in Fig. 64, 

where the cur- 
rent of warm air 

is represented by 

crooked arrows, 

and the cold air 

by straight ar- 
rows. The two 

currents pass up 

the flue separate- 

ly; but as soon 1 

as they are dis- 

charml through . 

^ . ^ Fig. 64. Arrangement of Heater and Damper Causing Warm Air 

the rCLTlster the ^ Enter Room through Lower Part of Register, thus 

^ ^ Securing Thorough Mixing 

warm air tends 

to rise, and the cold air to fall, with the result of a more or less 

complete mixture, as shown. 
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It is often desirable to warm a room at times when ventilation 
is not necessary, as in the case of living rooms during the night, or 
for quick warming in the morning. A register and damper for air 
rotation should be provided in this case. Fig. 65 shows an arrange- 
ment for this purpose. When the damper is in the position shown, 
air will be taken from the room above and be warmed over and over; 
but, by raising the damper, the supply will be taken from outside. 
Special care should be taken to make all mixing dampers tight against 
air-leakage, else their advantages will be lost. They should work 
easily and close tightly against flanges covered with felt. They may 
be operated from the rooms above by means of chains passing over 




Fig. 65. Arrangement for Quick Heating without Ventilation. Damper Shuts off Fresh 
Air, and Air of Room Heated by Rotating Forth and Back through 

Register and Heater. 

guide-pulleys; special attachments should be provided for holding 
in any desired position. 

Warm-Air Flues. The required size of the warm-air flue between 
the heater and the register, depends first upon the difference in tem- 
perature between the air in the flue and that of the room, and second, 
upon the height of the flue. In dwelling-houses, where the con- 
ditions are practically constant, it is customary to allow 2 square 
inches area for each square foot of radiation when the room is on the 
first floor, and 1^ square inches for the second and third floors. In 
the case of hospitals, where a greater volume of air is required, these 
figures may be increased to 3 square inches for the first floor wards, 
and 2 square inches for those on the upper floors. 

In schoolhouse work, it is more usual to calculate the size of 
flue from an assumed velocity of air-flow through it. This will vary 
greatly according to the outside temperature and the prevailing wind 
conditions. The following figures may be taken as average velocities 
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obtained in practice, and may be used as a basis for calculating the 
required flue areas for the different stories of a school building: 

1st floor, 280 feet per minute. 
2nd " , 340 " 
3rd " , 400 

These velocities will be increased somewhat in cold and windy weather 
and will be reduced when the atmosphere is mild and damp. 

Having assumed these velocities, and knowing the number of 
cubic feet of air to be delivered to the room per minute, we have only 
to divide this quanity by the assumed velocity, to obtain the required 
flue area in square feet. 

Example, A schoolroom on the second floor is to have an air-supply of 
2,000 cubic feet per minute. What will be the required flue area? 

Ans. 2000 -^ 340 = 5.8 + sq. feet. 
The velocities would l^e higher in the coldest weather, and dampers 
should be placed in the flues for throttling the air-supply when nec- 
essary. 

Cold-Air Ducts. The cold-air ducts supplying heaters should 
be planned in a manner similar to that described for furnace heating. 
The air-inlet should he on the north or west side of the building; but 
this of course is not always possible. The method of having a large 
trunk line or duct with inlets on two or more sides of the building, 
should be carried out when possible. A cold-air room with large 
inlet windows, and ducts connecting with the heaters, makes a good 
arr^mgement for schoolhouse work. The inlet windows in this case 
should be provided with check-valves to prevent any outward flow of 
air. A detail of this arrangement is shown in Fig. 66. 

This consists of a boxing around the window, extending from 
the floor to the ceiling. The front is sloped as shown, and is closed 
from the ceiling to a point below the bottom of the window. The 
remainder is open, and covered with a wire netting of about ^-inch 
mesh; to this are fastened flaps or checks of gossamer cloth about 
6 inches in width. These are hemmed on both edges and a stout 
wire is run through the upper hem which is fastened to the netting 
by means of small copper or soft iron wire. The checks allow the air 
to flow inward but close when there is any tendency for the current * 
to reverse. 

The area of the cold-air duct for any heater should be about 
three-fourths the total area of the warm-air ducts leading from it. 
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If the duct is of any considerable length or contains sharp bends, it 
should be made the full size of all the warm-air ducts. Adjusting 
dampers should be placed in the supply duct to each separate stack. 
If a trunk with two inlets is used, each inlet should be of sufficient 
size to furnish the full amount of air required, and should be pro- 
vided with cloth checks for preventing an outward flow of air, as 
already described. The jnlet windows should be provided with 
some form of damper or slide, outside of which should be placed a 
wire grating, backed by a netting of about J-inch mesh. 

Vent Flues. In dwelling-houses, vent flues arc often omitted, 
and the frequent opening of doors and leakage arc depended upon to 
carry away the im- 
pure air. A well- 
designed system of 
warming should 
provide some means 
for discharge ven- 
tilation, especially 
for bathrooms and 
toilet-rooms, and 
also for living rooms 
where lights are 
burned in the even- 
ing. Fireplaces are 
usually provided in 
the more important 
rooms of a well- 

hiiilt linii«i> n n fl *^B- **■ Air-Inlet Provided with Clieck-Valvea to Prevent 

DUiii nouae, a ii u Outward Flow ot Air. 

these are made to 

serve as vent flues. In rooms having no fireplaces, special flues 

of tin or galvanized iron may be carried up in the partitions in 

the same manner as the warm-air flues. These should !«: gathered 

together in the attic, and connected with a brick flue running up 

beside the boiler or range chimney. 

Very fair results may be obtained by simply letting the flues open 

into an unfinished attic, and depending upon leakage throuirh the 

roof to carry away the foul air. 
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The sizes of flues may be made the reverse of the warm-air flues 
— that is, li square inches area per square foot of indirect radiation 
for rooms on the first floor, and 2 square inches for those on the 
second. This is because the velocity of flow will depend upon the 
height of flue, and will therefore be greater from the first floor. The 
flow of air through the vents will be slow at best, unless some means 
is provided for warming the air in the flue to a temperature above 
that of the room with which it connects. 

The method of carrying up the outboard discharge beside a warm 
chimney is usually sufficient in dwelling-houses; but when it is 

desired to move larger 
quantities of air, a loop 
of steam pipe should be 
'"'m inside the flue. This 
should be connected for 
drainage and air-venting 
as shown in Fig. 67. 
When vents are carried 
through the roof inde- 
pendently, some form of 
protecting hood should 
3 be provided for keeping 
out the snow and rain. 
A simple form is shown 
in Fig. 68. Flues carried 
outboard in this way 
should always be ex- 
tended well above the ridges of adjacent roofs to prevent down 
drafts in windy weather. 

For schoolhouse work we may assume average velocities through 
the vent flues, as follows: 



Air 
Valve 




Steam 



1 





Return 



Fig. 67. Loop of Steam Pipe to be Run Inside Flue. 
Connected for Drainage and Air- Venting. 



1st floor, 340 feet per minute. 
2nd " , 280 
3rd " , 220 



n 



It 



ft 



tt 



({ 
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Where flue sizes are based on these velocities, it is well to guard 
against down drafts by placing an aspirating coil in the flue. A 
single row of pipes across the flue as shown in Fig. 69, is usually 
sufficient for this purpose when the flues are large and straight; 
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otherwise, two rows should be provided. The slant height of the 
heater should be about twice the depth of the flue, so that the area 
between the pipes shall equal the 
free area of the flue. 

Laige vent flues of this kind 
should always be provided with 
dampers for closing at night, and 
for regulation during strong winds. 

Sometimes it is desired to move 
a given quantity of air through a 
flue which is already in place. 
Table XXIV shows what velocities 
may be obtained through flues of 
different heights, for varying dif- 
ferences in temperature between the 
outside air and that in the flue. 

Example. — It is desired to discharge 1,300 cubii; feet at air pier minute 
through B. due having an area of 4 square feet and a height of 30 feet. If the 
efficiency of an aspirating coil ia 400 B. T. U., how many square feet of surface 
will be required to move this amount of air when the temperature o( the room 
is 70° and the outside temperature i.s 60°? 




Pig. 88. SecUon Showing Simple I 
ol PcotecclnK Hood (or Vent Cb 
ried Ihruugb Koof. 



FJ*aii/T ij'/f-lAI 



s/vc wnv 



Fig. SB. Aspirating Coll Placet] In Flue to Prevent Down Drafts. 



1,300 ^ 4 = 325 feet per minute = Velocity through the flue. 
Looking In Table XXIV, and following along the line opposite a 
30-foot flue, we find that to obtain this velocity there must be a differ- 
ence of 30 degrees between the air in ihc flue and the external air. 
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If the outside temperature is 60 degrees, then the air in the flue must 
be raised to 60 + 30 = 90 degrees. The air of the room being at 
70 degrees, a rise of 20 depx?es is necessary. So the problem resolves 
itself into the following: What amount of heating surface having an 

TABLE XXIV 

Air-Flow through Flues of Various Heights under Varying 

Conditions of Temperature 

(Volumes given in cubic feet per square foot of secrtional area of flue) 



HEianror 


EXCK8H OF 


• TEMPKKATrRE OF AlR IN Fn'E AbOVE THAT OF EXTERNAL AlR 


Flue 








1 


IN Fkkt 


5' 


10^ 


IS** 


20** 30' 


50° 


5 


55 


76 


94 


109 


134 


167 


10 


77 


108 


133 


153 


188 


242 


15 


94 


133 


162 


188 


230 


297 


20 


108 


153 


188 


217 


265 


342 


25 


121 


171 


210 


242 


297 


383 


30 


133 


188 


230 


265 


325 


419 


35 


143 


203 


248 


286 


351 


453 


40 


153 


217 


265 


306 


375 


484 


45 


102 


230 


282 


325 


398 


514 


50 


171 


242 


297 


• 342 


419 


541 


60 


188 


264 


325 


373 


461 


594 



efficiency of 400 B. T. U. is necessary to raise 1,300 cubic feet of air 
per minute through 20 degrees? 

1,300 cubic feet per minute = 1,300 X 60 = 78,000 per hour; 
and making use of our formula for "heat for ventilation,'* we have 

78,000 X 20 
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= 28,363 B. T. U. ; 



and this divided by 400 = 71 square feet of heating surface required. 

EXAMPLES FOR PRACTICE 

1. A schoolroom on the third floor has 50 pupils, who are 
to be furnished with 30 cubic feet of air per minute each. What will 
be the rec|uired areas in square feet of the supply and vent flues? 

Axs. Supply, 3.7 +. Vent, 6.8 +. 

2. What size of heater will be required in a vent flue 40 feet 
high and with an area of 5 square feet, to enable it to discharge 1,530 
cubic feet per minute, when the outside temperature is 60°? (Assume 
an efficiency of 400 B. T. U. for the heater.) Axs. 41 .7 square feet. 
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Fig. 70. SecllDD ibrougb a Floor Register. 



Registers. Registers are made of cast iron and bronze, in a 
great variety of sizes and patterns. The almilst universal finish for 
cast-iron registers is black "Japan;" but they are also finished in 
colors and electroplated with 
copper and nickel. Fig, 70 
shows a section through a 
floor register, in which A rep- 
resents the valves, which may 
be turned in a vertical or hori- 
zontal position, thus opening 
or closing the register; B ia the 
iron border; C, the register box 
of tin or galvanized iron; and D, the warm-air pipe. Floor registers 
are usually set in cast-Iron borders, one of which is shown in Fig. 71 ; 
while wall registers may be screwed directly to wooden borders or 
frames to correspond with the finish of the room. Wall registers 
should be provided with pull-cords for opening and closing from the 
floor; these are shown in Fig. 72. The plain lattice pattern shown jn 
Fig. 73 is the best for schoolhouse work, as it has a comparatively 

free opening for 
air-fiow and is 
pleasing and sim- 
ple in design. 
More elaborate 
patterns are used 
for fine dwelling- 
house work. 
Registers with 
shut-off valves 
are used for air- 
inlets, while the 
plain register 
faces without the 

Fig. 71. CaM-lron Border tor 6 Floor Register. Valves are plaCCd 

in the vent open- 
ings. The vent flues are usually gathered together in the attic, and 
a single damper may Ix; used to shut off the whole number at once. 
Flat or round wire gratings of open pattern are often used in place of 
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re^ster faces. The grill or solid part of a roister face usually takes 
up about ^ of the area; hence in cximpudng the size, we must allow 
for this by multiplying the required "net area" by 1.5, to obtain the 
"total" or "over-all" area. 

Example. Suppose we have a flue 10 inches in width and wish to use a 
register having a free area of 200 square inches. What will be the required 
height of the register? 

200 X 1.5 = 300 square inches, which is the total area required; 
then 300 -e- 10 => 30, which is the required height, and we should use 
a 10 by 30-inch register. When a r^;ister is spoken of as a 10 by 



IFOR I 

CORDS I 



FlS' 73. WaU ReglsMr with PuU Fig. n. Plain Lattice Patt«rtl Rcgtster. Best 

Cords For OpenlDs and for ScbooUtoosa Work. 

Closing. 

30-inch or a 10 by 20-inch, etc., the dimensions of the latticed opening 
are meant, and not the outside dimensions of the whole re^ster. The 
free opening should have the same area as the flue with which it con- 
nects. In designing new work, one should provide himself with a 
trade catabgue, and use only standard sizes, as special patterns and 
sizes are costly. Fig. 74 abows the method of placing gossamer 
eheck-valves back of the vent register faces to prevent down drafts, 
the same as described for fresh-air inlets. 
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Inlet registers in dwelling-house and similar work are placed 
either in the floor or in the baseboard; sometimes they are located 
under the windows, just above the baseboard. The object in view 
b to place them where the currents of air entering the room will not. 
be objectionable to persons sitting near windows. A long, narrow 
floor-register placed close to the wall in front of a window, sends 
up a shallow current of warm air, which is not especially noticeable 
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Fig. It. Melbodof Placing GoHskmerChecli-ValvesbaclE ot Vsnl Register Face 
10 PreTsnc Domi Drafts. 

to one sitting near it. Inlet registers are preferably placed near 
outside walls, especially in lai^ rooms. Vent re^sters should be 
placed in inside walls, near the floor. 

Pipe ConiKCtions. The two-pipe system with dry or sealed 
returns is used in indirect heating. Tlie conditions to be met are 
practically the same as in direct heating, the only difference being 
that the radiators are at the basement ceiling instead of on the floors 
above. The exact method of making the pipe connections will 
depend somewhat upon existing conditions; but the general method 
shown in Fig. 75 may be used as a guide, with modifications to suit 
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any special case. The ends of all supply mains should be dripped, 
and the horizontal returns should be sealed if possible. 

Pipe Sizes. The tables already given for the proportioning of 
pipe sizes can be used for indirect systems. The following table has 
been computed for an eflSciency of 640 B. T. U. per square foot of 
surface per hour, which corresponds to a condensation of § of a pound 
of steam. This is twice that allowed for direct radiation in Table 







DRiP 



WATER LfN£ 



Q 



MA/N RETURN 



Fig. 75. General Method of Making? Pipe and Radiator ConnecUons. in Basement, 

In Indirect Heating. 

XVII; so that we can consider 1 square foot of indirect surface as 
equal to 2 of direct in computing pipe sizes. 

As the indirect heaters are placed in the bfLseracnt, care must be 
taken that the bottom of the radiator does not come too near the 
water-line of the lK)iler, or the condensation will not flow back prop- 
erly; this distance, under ordinary conditions, should not be less than 
2 feet. If much less than this, the pipes should be made extra large, 
so that there may be little or no drop in pressure between the boiler 
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TABLE XXV 
Indirect Radfaitlns Surface Supplied by Pipes of Various Sizes 





Sqdare Peet or Indi 
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5 ■■ 


2,030 


2,900 


4,110 


fi ■' 


3, 260 


4.660 


6,000 




4,830 


6.900 


il. SIO 




0,800 


9,720 


13,860 



and the heater. A drop in pressure of 1 pound would raise the 
water-Iinp at the heater 2.4 feet. 



General Form of Dirogl-Iodlrect Fig, 1 



Direct-Indirect Radiators. A direct-indinTt raiiiator is .similar 
in form to a direct ra<Uator, and b placed in a room in the same 
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manner. Fig. 76 shows the general form of this type of radiator; 
and Fig. 77 shows a section through the same. The shape of the 
sections is such, that when in place, small flues are formed between 
them. Air is admitted through an opening in the outside wall; and, 
in passing upward through these flues, becomes heated before enter- 
ing the room. A switch-damper is placed in the duct at the base of 
the radiator, so that the air may be taken from the room itself instead 
' i from out of doors, if so desired. This is shown more particularly 
in Fig. 76. 

Fig. 78 shows the wall box provided with louvre slats and netting, 
through which the air is drawn. A damper door is placed at either 

end of the radiator base; 
and, if desired, when the 
cold-air supply is shut off 
by means of the register 
in the air-duct, the radia- 
tor can be converted into 
the ordinary type by 
opening both damper 

Fig. 78. Wall Box with Louvre Slats and Netting. doors, thus taking the air 

Direct-Indirect System. £ a.\. • ^ i 

from the room instead 
of from the outside. It is customary to increase the size of a direct- 
indirect radiator 30 per cent above that called for in the case of 
direct heating. 

CARE AND MANAGEMENT OF STEAM- 
HEATING BOILERS 

Special directions are usually supplied by the maker for each 
kind of boiler, or for those which are to be managed in any peculiar 
way. The following general directions apply to all makes, and may 
be used regardless of the type of boiler employed : 

Before starting the fire, see that the boiler contains sufficient 
water. The water-line should be at about the center of the gauge- 
glass. 

The smoke-pipe and chimney flue should be clean, and the draft 
good. 

Build the fire in the usual way, using a quality of coal which is 
best adapted to the heater. In operating the fire, keep the firepot 
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full of coa), and shake down and remove all ashes and cinders as often 
as the state of the fire requires it. 

Hot ashes or cinders must not be allowed to remain in the ashpit 
under the grate-bars, but must be removed at regular intervals to 
prevent burning out the grate. 

To control the fire, see that the damper regulator is properly 
attached to the draft doors and the damper; then regulate the draft 
by weighting the automatic lever as may be required to obtain the 
necessary steam pressure for wanning. Should the water in the 
boiler escape by means of a broken gauge-glass, or from any other 
cause, the fire should be dumped, and the boiler allowed to cool before 
adding cold water. 

An empty boiler should never be filled when hot. If the water 
gets low at any time, but still shows in the gauge-glass, more water 
should be added by the means provided for this purpose. 

The safety-valve should be lifted occasionally to see that it is 
in working order. 

If the boiler is used in connection with a gravity system, it should 
be cleaned each year by filling with pure water and emptying through 
the blow-off. If it should become foul or dirty, it can be thoroughly 
cleansed by adding a few pounds of caustic soda, and allowing it to 
stand for a day, and then emptying and thoroughly rinsing. 

During the summer months, it is recommended that the water 
be drawn oflf from the system, and that air-valves and safety-valves 
be opened to permit the heater to dry out and to remain so. Good 
results, however, are obtained by filling the heater full of water, 
driving off the air by boiling slowly, and allowing it to remain in this 
condition until needed in the fall. The water should then be drawn 
off and fresh water added. 

The heating surface of the boiler should be kept clean and free from 
ashes and soot by means of a brush made especially for this purpose. 

Should any of the rooms fail to heat, examine the steam valves 
in the radiators. If a two-pipe system, both valves at each radiator 
must be opened or closed at the same time, as required. See that 
the air-valves are in working condition. 

If the building is to be unoccupied in cold weather, draw all the 
water out of the system by opening the blow-off pipe at the boiler and 
all steam valves and air-valves at the radiators. 
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HOT- WATER HEATERS 

Types. Hot-water heaters <liffer from steam boilers pnncipally 
in the omission of the reservoir or space for steam above the heating 
surface. The steam boiler might answer as a heater for hot water; 
but the lai^ capacity 
left for the steam would 
tend to make its opera- 
tion slow and rather 
unsatisfactory, although 
the same type of boiler 
is sometimes used for 
Ixtth steam and hot 
water. The passages in 
a hot-water heater need 
not extend 30 directly 
from bottom to top as 
in a steam boiler, since 
the problem of provid- 
ing for the free liberation 
of the steam bubbles 
does not have to be con- 
sidered. In general, the 
heat from the furnace 
should strike the sur- 
faces in such a manner 
as to increase the natural 
circulation; this may be 
ac<x)mplished to a cer- 
tain extent by arranging 
the heating surface so 
that a lai^ proportion 
of the direct heat will 
FiK.T^ Kichard«,i.s.aiunauioi.wat*rn™..T. ^ absorbed near the 
top of the heater. 
Practically the l)oilers for low-pressure .steam and for hot water differ 
from each other very little as lo the character of the heating surface, 
so that the methods already given for computing the size of grate 
surface, horse-power, etc., under the head of "Steam Boilers," can be 
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used with satisfactory results in the case of hot-water heaters. 

It is sometimes statetl that, owing fo the greater (iitference in tem- 
perature Iwtween the furnace gases and the water in a liot-water 
heater, as c()mpare<l with steam, the heatinjj surface will \>c more 
efficient and a smaller heater can he used. While this is true fo a 
certain extent, different authorities a;;ree that thi.-i advantage is so 
small that no account should Ix; taken of it, and the genersd propor- 
tions of the heater shoul<l be calculated in the .same manner as for 
steam. Fig. 7i) shows a f()mi of liot-water heater made up of slabs 
or sections similar fo the sectional steam boiler shown in I'iirt I. 
The size can be increased in a similar manner, by ad<ling more 
sections. In this case, however, the boiler is increased in width in- 
stead of in length. This has an advantage in flic larger .sizes, ils a 
second fire door can 
)>e a^ldiHl, ami all 
parts of the grat<- 
can be reached as - 
well in the lai^e sizi's 
as in the small. 

Fig. 80 shows a 
different form of sec- 
tional boiler, in which 
the sections are 
placed one alHive an- 
other. These Ixiilers 
are circular in form 
and well adapted to 

ilwelling-houses and hb- 3U. ■iiivUihMi-" itniiijr. niiu s.'.ti.ms 

similar work. ' ""'"*"' ■"■■■"■■•" '■•<■''■•'"' '"■ 

Fig. M sbow.s another typ*- of c-asf-iron healer which is not made 
in section.s. The .space iHfwecn the tiiitcr and inner shells surn)nnii- 
ing the furnaec is filled with water, and also the cni.ss-pipT's directly 
over the fire and the dnun at the tup. The supply to the radiators 
is taken off fnini the top of the heater, ajid the return onniecfs at the 
lowest point. 

The ordinary horizontal and vertical tubular boilers, wilh various 
modifications, are used to a considerable extent for hot-water heating. 
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and are well udapU-tl t(i tliis das.s iif work, cspwially in the ca.se of 
lai^ buildingij. 

Automatic regulators are often used for the purpose of main- 
taining a constant temperature of the water. They are constructed 
in different ways — some depend upon the expansion of a metal pipe 
or rod at different temix;ratures, and others upon the vaporization 
and consecjuent pres- 
sure of certain volatile 
li<]uids. These means 
are usually employed 
to open small valves 
which a^Imit water- 
pressure under rubber 
diaphragms ; and these 
in turn are connected 
by means of chains 
with the draft doors 
of the furnace, and so 
regulate the draft as 
re<|uired to maintain 
an even temperature 
of the water in the 
heater. Fig, 82 shows 
one of the first kind. 
-I is a metal rod place^l 
in the flow pipe from 
the heater, and is so 

Fla SI Caet-Iron Healer Noc Made In Sri'ilons Walter COtmected With the 
■ Fills Cross.Plp«.^ajjd S^ac^e^betweeu Oui.r and ^.^Ive B that when the 

watcrreaches acertain 
temperature the expansion of the rod opens the valve and admits 
water from the street pressure through the pipes C and D into the 
chamber E. The bottom of E consists of a rubber diaphragm, 
which is forced down by the water-pre.ssure and carries with it the 
lever which operates the dampers as shown, and checks the fire. 
\\Tien the temperature of the water drops, the rod contracts and 
valve B closes, shutting off the pressure from the chamber E. A 
Spring is provided to throw the lever back to its original position. 
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and the water above the diaphragm is forced out through the pet- 
cock G, which is kept slightly open all the time. 

DIRECT HOT-WATER HEATING 

A hot-water system is similar in construction and operation to 
one designed for steam, except that hot water flows through the 
pipes and radiators instead. 

The circulation through the pipes is produced solely by the dif- 
ference in weight of the 
water in the supply and ^^^SC r ^ t 

return, due to the differ- 
e n c e in temperature. 
When water is heated it 
expands, and thus a 
given volume becomes 
lighter and tends to rise, 
and the cooler water flows 
in to take its place; if the 
application of heat is kept 
up, the circulation thus 
produced is continuous. 
The velocity of flow de- 
ponds upon the difference 
in temperature between 
the supply and return, 
and the height of the 
radiator above the boiler. 
The horizontal distance 
of the radiator from the 
boiler is also an important factor aflFecting the velocity of flow. 

This action is best shown by means of a diagram, as in Fig. 83. 
If a glass tube of the form shown in the figure is filled with water and 
held in a vertical position, no movement of the water will be noticed, 
because the two columns A and B are of the same weight, and there- 
fore in equilibrium. Now, if a lamp flame be held near the tube Ay 
the small bubbles of steam which are formed will show the water 
to be in motion, with a current flowing in the direction indicated by 
the arrows. The reason for this is, that, as the water in A is heated. 




Fig. 82. Hot- Water Heater with Automatic Regu- 
lator Operated through Expansion and Con- 
traction of Metal Kod In Plow Pipe. 
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Fig. 83. Illustrating 
How the Heating 
of Water Causes 
Circulation. 
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it expands and becomes lighter for a given volume, and is forced 

upward by the heavier water in B falling to the bottom of the tube. 

The heated water flows from A through the connecting tube at the 

top, into 2?, where it takes the place of the 
cooler water which is settling to the bottom. If, 
now, the lamp be replaced by a furnace, and the 
columns A and B be connected at the top by 
inserting a radiator, the illustration will assume 
the practical form as utilized in hot-water heating 
(see Fig. 84). 

The heat given off by the radiator always 
insures a difference in temperature between the 
columns of water in the supply and return pipes, 
so that as long as heat is supplied by the furnace 
the flow of water will continue. The greater the 

difference in temperature of the water in the two pipes, the greater 

the difference in weight, and con- 
sequently the faster the flow. The 

greater the height of the radiator 

above the heater, the more rapid 

will be the circulation, because the 

total difference in weight between 

the water in the supply and return 

risers' will vary directly with their 

height. From the above it is evident 

that the rapidity of flow depends 

chiefly upon the teviperature differ- 
ence between the supply and return, 

and upon the height of the radiator 

above the heater. Another factor 

w^hich must be considered in long 

runs of horizontal pipe is the jric- 

tional resistance. 

Systems of Circulation. There 

are two distinct systems of cir- 
culation employed — one depending 

on the difference in temperature 

of the water in the supply and return pipes, called gravity circulaiton; 
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Fig. 84. Illustrating Simple Circula- 
tion in a Heating System. 
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and another where a pump a used to force the water through the 
mains, called forced circulation. The former is used for dwellings 
and other buihlings of ordinary size, and the latter for large buildings, 
and espeeially where there are long horizontal runs of pijie. 

For gravity circulation some form of sectional cast-iron boiler 
is commonly used, although wrouglit-inin tubular b(»ilers may be 
«*inployed if desired. Intheeiuse of forced circulation, a heater ck-- 
signed to warm the water by means of live iir exhaust steuin i.s often 
used. A centrifugal or rtitary pump is U'st adaj)tcd to this pur- 
{H>se, and may Iw driven by an electric motor or a sleam engine, 
as most ei>uvenient. 

Types of Radiating Surface. <'ast-in)n radiators and eia'iilatioti 
coils are used for hot water as 
well as for steam. I lot -water 
radiators differ from steam 
radiatiirM prinei[>ally in liavini; 
a iKirizontuI [ias.sag(^ at the top 
as well u-s at the liottom. 
This const met ion is necessary 
in onler to draw off the air 
which gathers at the to|» of 
each l<K(p iir .section. Odicr- 
wise tliey are the same as 

steam radiators, and are well - 

adaijled for the cin-ulatioft of '■■lfu!*Wi;«r«i"s■.*iH°''^^;lvH"HJoil!>Tl^i^ 
steam, and in sumo res|K'ets «ai:.' iiiomt thj). 

arc .sujx-rior to the onlinary pattern of .steam radiator. 

Tlie form ••jliown in Fig. S.'> is miule widi an oiH'iiing at the t.)p 
for the entrance of water, and at the iKiltoni for its discharge, thus 
insuring a supply of hot water at tlie top and of colder water at the 
bottom. 

Some hot-water radiators are made with a cn)Ss-partition .so 
arranged that all water entering passes at once to the top, from which 
it may take any passage toward the outlet. Fig. 86 is the more 
common form of radiator, and is made with continuous passages at 
top and bottom, the hot water l>eing .supplied at one side and rlrawn 
off at the other. The action of gnivity is dejK-nded uimmi for making 
the hot and lighter water i«is.s to the lop, aii<l the colder wiiler .sink 
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to the bottom and flow off through the return. Hot-water radiators 
are usually tapped and plumed so that the pipe connections can be 
made either at the top or at the bottom. This is shown in Fig. 87. 

Wall radiators are adapted to hot-water as well as steam heating. 

Efficiency of Radiators. The efficiency of a hot-water radiator 
depends entirely upon the temperature at which the water is circu- 
lated. The best practical results are obtained with the water leaving 
the boiler at a maximum temperature of about ISO degrees in zero 
weather and returning at about IGO degrees; this gives an average 



Fig. M. Common Form of Hot- Water Badlalor. Circulat, 

IToducBd Wholly throuRh Action of Gravity, Hot 

Water Rlslns to Top. 



^ 



h-if. ttr. End Eluvatloaol 
Radiator ShowlngTaps 
at Top and llottom lur 
Pipe Connections. 

temperature of 170 degrees in the radiators. Variations may be made, 
however, to suit the existing conditions of outside temperature. We 
have seen that an average cast-iron radiator gives off about 1.7 B.T.U. 
per hour per square foot of surface per degree difference in tempera- 
ture between the radiator and the surrounding air, when working 
under ordinary conditions; and this holds true whether it is filled 
with steam or water. 

If we assume an average temperature of 170 degrees for the 
water, tlien the difference in temperature between the radiator and 
the air will be 170 — 70 = 100 degrees; and this multiplied by 1 .7 = 
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170, which may be taken as the efBcieney of a hot- water radiator 
under the above average conditions. 

This calls for a water radiator about 1 . 5 times as large as a steam 
radiator to heat a given room under the same conditions. This is 
common practice although some engineers multiply by the factor 1 .6, 
which allows for a lower temperature of the water. Water leaving 
the boiler at 170 degrees should return at about 150; the drop in 
temperature should not ordinarily exceed 20 degrees. 

Systems of Piping. A system of hot-water heating should pro- 
duce a perfect circulation of water from the heater to the radiating 




Fig. 88. System of Piping Usually Employed for Hot- Water Heating. 

surface, and thence back to the heater through the returns. The 
system of piping usually employed for hot-water heating is shown in 
Fig. 8S. In this arrangement the main and branches have an inclina- 
tion upward from the heater; the returns are parallel to the mains, 
and have an inclination downward toward the heater, connecting 
with it at the lowest point. The flow pipes or risers are taken from 
the tops of the mains, and may supply one or more radiators as 
required. The return risers or drops are connected with the return 
mains in a similar manner. In this system great care must be taken 
to pnKlucc a nearly «jual resistance to flow in all of the branches, so 
that each radiator may receive its full supply of water. It will always 
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be found that the principal current of heated water will take the path 
of least resistance, and that a small obstruction or irregularity in the 
piping is sufficient to interfere greatly with the amount of heat received 
in the different parts of the same system. 

Some engineers prefer to carry a single supply main around the 
building, of sufficient size to supply all the radiators, bringing back 
a single return of the same size. Practice has shown that in general 
it is not well to use j)ipes over S or 10 inches in diameter; if larger 
pipes are re(juired, it is better to run two or more branches. 

The boiler, if possible, should be centrally located, and branches 

carried to differ- 

building. This 
insures *a more 
even circulation 
than if all the 
radiators are 
supplied from a 
single long main, 
in which case 
the circulation 
is liable to be 
sluggish at the 
farther end. 

The arrange- 
ment shown in 
Fig. 89 is similar 

to the circuit system for steam, except that the radiators have two 
connections instead of one. This method is especially adaj)4e<l to 
apartment houses, where each flat has its separate heater, as it 
eliminates a separate return main, and thus reduces, by practically 
one-half, the amount of piping in the basement. The supply risers 
are taken from the top of the main; while the returns should con- 
nect into the side a short distance beyond, and in a direction away 
from the boiler. When this system is used, it is necessary to enlarge 
the radiators slightly as the distance from the boiler increases. 

In flats of eight or ten rooms, the size of the last radiator may be 
increased frotu 10 to 1') per cent, and the intermediate ones propor- 
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Boiler 



FIk. H9. System of Ilot-Wiiler IMpiiiK' KsiKH-lully Adapted to 
ApartiiH'Ul Huildlnj^s where Kaeh Flat lias a Scilarato Healer. 
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tionally, at the same time keeping the main of a large and uniform 
size for the entire circuit. 

Overhead Distribution. This system of piping is shown in Fig. 
90. A single riser is carried directly to the expansion tank, from 
which branches are taken to supply the various drops to which the 
radiators are connected. An important advantage^ in connection 
with this system is that the air rises at once to thejexpansion tank, 
and escapes through the vent, so that air-valves arc not required on 
the radiators. 



Sttx- 



Expar^sion Tank 



a~l 



icond rioor 
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Pig. 90. "Overhead" Distribution System of Hot- Water Piping. 

At the same time, it has the disadvantage that the water in the 
tank is under less pressure than in the heater; hence it will boil at 
a lower temperature. No trouble will be experienced from this, how- 
ever, unless the temperature of the water is raised above 212 degrees. 

Expansion Tank. Every system for hot-water heating should be 
connected with an expansion tank placed at a point somewhat above 
the highest radiator. The tank must in every case be connected to a 
line of piping which cannot by any possible means be shut off from 
the boiler. When water is heated, it expands a certain amount) 
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depending upon the temperature to which it is raised; and a tank or 

reservoir should always be provided to care for this increase in volume. 

Expansion tanks are usually made of heavy galvanized iron of 

one of the forms shown in Figs. 91 and 92, the latter form being used 

where the headroom is limited. The 
connection from the heating system 
enters the bottom of the tank, and 
^ an open vent pipe is taken from the 

top. An overflow connected with 
a sink or drain-pipe should be 
provided. Connections should be 
made with the water supply both 
at the boiler and at the expansion 
tank, the former to be used when 
first filling the system, as by this 
means all air is driven from the bot- 
tom upward and is discharged 
through the vent at the expansion 
tank. Water that is added after- 
ward may be supplied directly to the 
expansion tank, where the water-line can be noteil in the gauge-glass. 
A ball-cock is sometimes arranged to keep the water-Hnc in the tank 
at a constant level. 
An altitude 
gauge is often 
placed in the base- 
ment with the col- 
ored hand or point- ^ K^ 
er set to indicate 5 'i 
the normal water- j 
line in the expan- | J\ 
sion tank. When 
the movable hand 

falls below the Fig. 92. Form of Expansion Tank used where Headroom 
n 1 is Limited. 

fixed one, more 

water may be added, as re(juired, through the supply pipe at the boiler. 
\Mien the tank is placed in an attic or roof space where there is danger 
of freezing, the expansion pipe may be connected into the side of the 






A (^»mmou Form of (ralvauized- 
Iron Expansion Tank. 
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tank^ 6 or 8 inches from the bottom, and a circulation pipe taken 
from the lower part and connected with the return from an upper- 
floor radiator. This produces a slow circulation through the tank, 
and keeps the water warm. 

The size of the expansion tank depends upon the volume of 
water contained in the system, and on the temperature to which it is 
heated. The following rule for computing the capacity of the tank 
may be used with satisfactory results: 

Square feet of radiation, divided by 40, equals required capacity of 
tank in gallons. 

Air-Venting. One very important point to be kept in mind in 
the design of a hot-water system, is the removal of air from the pipes 
and radiators. When the water in the boiler is heated, the air it 
contains forms into small bubbles which rise to the highest points of the 
system. 

In the arrangement shown in Fig. 88, the main and branches 
grade upward from the boiler, so that the air finds its way into the 
radiators, from which it may be drawn off by means of the air-valves. 

A better plan is that shown in Fig. 89. In this case the expan- 
sion pipe is taken directly off the top of the main over the boiler, so 
that the larger part of the air rises directly to the expansion tank and 
escapes through the vent pipe. The same action takes place in the 
overhead system shown in Fig. 90, where the top of the main riser 
is connected with the tank. Every high point in the system and 
every radiator, except in the downward system with top supply con- 
nection, should be provided with an air-valve. 

Pipe Connections. There are various methods of connecting 
the radiators with the mains and risers. Fig. 93 shows a radiator 
connected with the horizontal flow and return mains, which are 
located below the floor. The manner of connecting with a vertical 
riser and return drop is shewn in Fig. 94. As the water tends to 
flow to the highest point, the radiators on* the lower floors should be 
favored by naking the connection at the top of the riser and taking 
the pipe for the upper floors from the side as shown. Fig. 95 illus- 
trates the manner of connecting with a radiator on an upper floor where 
the supply is connected at the top of the radiator. 

The connections shown in Figs. 90 and 97 are used with the 
overhead system shown in Fig. 90. 
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\Vhere the connection is of the form sliown at the loft in Fig. 90, 
the cooler water from the radiators is dischai^red into the supply pipe 
again, so that the water furnished to the radiators on the lower floors 
is at a tower temperature, and the amount of heatin<r surface must be 
correspondingly increased to make up for this loss, as already de- 
scribed for the circuit system. 



Fls-W. RndUlor ronnorled with liorl- Fig. B 
lontal Klow an<t Hetiirn Mitius 

For example, if in the case of Fig. 90 we assume tlic water to 
leave at IHO degrees and return at ICO, we shall have a drop in tem- 
perature of 10 degrees on each floor; tlmt is, the water will enter the 
radiator on the second floor at LSO dcgreis and leave it at 170, and 
will enter the rmliator on the first floor at 170 and leave it at 160. 



Flif.Us. UppM-Flonr Radl&tor wllh Sup. 
Illy Connected at Top. 

The average temperatures will be 175 and 165, respectively. The 

efficiency in the first case will be 175 — 70 = 105; and 105 X 1 .5 = 

157. In the second case, 165 ~ 70 = 95; and 95 X 1.5 = 142; 

so that the radiator on the first floor will have to he larger tlian that 

on tlic si-cond floor in the ratio of 157 to 142, in order to do the same 

work. 
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This is approximately an increase of 10 per cent for each story 
downward to offset the cooling effect; but in practice the supply 
drops are made of such size that only a part of the water is by-passed 
through the radiators. For this reason an increase of 5 per cent 
for each story downward is probably sufficient in ordinary cases. 

Where the radiators discharge 
into a separate return as in the case 
of Fig. SS, or those at the right in 
Fig. 90, we may assume the tempera- 
ture of the water to be the same on 
all floors, and give the radiators an 
equal efiRciency. . 

In a dwelling-house of two stories, 
no difference would be made in the j.. 
sizes of radiators on the two floors; '^' 
but in the case of a tall office build- 
ing, corrections would necessarily l>e made as alwvc described. 

Where circulation coils are used, they should he of a form which 
will tend to prtMliice a flow of water through them. Figs. 98, 09, and 
100 show difl'erent ways of making up and connecting these coils. 
In Figs. 98 and 100, supply' pipes may be e'ther drops or risers; and 
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Coll. One Method of Con-itructloo. Supply Plpet 

nay 1» Klthrr Un.p* or l{l^*rH. 



in the former case the return in Fig. 100 may be carried I>ack, if desired, 
into the supply drop, as shown by the dotted lines. 

Combination Systems. Sometiires the Iwilcr and piping are 
arranged for either steam or hot water, since the <lemand for a higher 
or lower temperature of the radiators might change. 
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The object of this arrangement is to secure the advantages of a 
hot-water system for moderate temperatures, and of steam heating 
for extremely cold weather. 





Fig. 99. Another Method of nuildlng Up a Circulation ColL 

As less radiating surface is required for steam heating, there is 
an advantage due to the reduction in first cost. This is of consider- 
able importance, as a heating system must be designed of such dimen- 
sions as to be capable of warming a building in the coldest weather; 




D 
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Fig. 100. Circulation Coll with Either Drop or Riser Supply. In former case, return 
may he carried into Supply Drop as shown by Dotted Lines. 

and this involves the expenditure of a considerable amount for radiat- 
ing surfaces, which are needed only at rare intervals. A combination 
system of hot-water and steam heating requires, first, a heater or boiler 
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which will answer for either purpose; second, a system of piping 
which will pennit the circulation of either steam or hot water; and 
third, the use of radiators which are adapted to both kinds of heating. 
These requirements will be met by using a steam boiler provided with 
all the fittings rec[uired for steam heating, but so arranged that the 
damper regulator may be closed by means of valves when the system 
is to be used for hot-water heating. The addition of an expansion 
tank is reciuired, which must be so arranged that it can be shut ofF 
when the system is used for steam heating. The system of piping 
shown in Fig. 88 is best mlapted for a combination system, although 
an overhead distribution as shown in Fig. 90 may be used by shutting 
off the vent and overflow pipes, and placing air-valves on the radiators. 
. While this system has many advantages in the way of cost over 
the complete hot-water system, the labor of changing from steam 
to hot water will in some cases be trouble- 
some; and should the connections to the 
expansion tank not be opened, serious re- 
sults would follow. 

Valves and Fittings. Gate-valves 
should always he used in connection with 
hot-water piping, although angle-valves may 
\ie used at the radiators. There are several 
patterns of radiator valves ma<le especially 
for hot-water work; their chief advantage 

lies in a device for ([uick closing, usually a pj^.^,. .^^.^^^^ v«ive for 
quarter-turn or half-turn being sufficient to tiot-water work. 

open or close the valve. Two different designs are shown in Figs. 
101 and 102. 

It is customary to place a valve in only one connection, as that is 
sufficient to stop the flow of water through the radiator; a fitting 
known as a union elbow is often employe*! in place of the second valve. 
(See Fig. 103.) 

AifwValves. The ordinary pet-cock air-valve is the most reliable 
for hot-water radiators, although there are several forms of auto- 
matic valves which are claimed to give satisfaction. One of these 
is shown in Fig. 104. This is similar in construction to a steam 
trap. As air collects in the chamber, and the water-line is lowered, 
the float drops, and in so doing opens a small valve at the top of tht 
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chamber, whicli allows the air to escape. As the water flows in to take 
its place, the float is forced upward and the valve is closed. 

All radiators which are supplied by risers from l>clow, should be 
provided with air-valves placed in the top 
of the last section at the return end. If 
they arc supplied by drops from an over- 




Plg. 1«L Annther Tyjif of Hnl- 
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head system, the air will be discliarpcd at the rxpan.sion tank, and 

air-valves will not be necessary at the radiators. 

Fittings. All fittin{,'S, such as elbows, tees, clc, should l)e of 

the lotifj-iurn pattern. If the common form is used, they shouh] be 
a size larger than the pipe, bushed 
down to the proper size. The long- 
turn fittings, however, are preferable, 
and give a much better appearance. 
Connections between the radiators 
and risers may l>e made with the 
ordinary .short-pattern fittings, as 
those of the otlier form are not well 
adapted to the close connections nec- 
ossarj' for this work. 

Pipe Sizes. The size of pipe 
rcc|uired to supply any given radiator 
depends upon four conditions; ^rs/, the 
e of the radiator; areom/, its elevation 
iktve the boiler; third, the length of 
pipe required to connect it with the 

boiler; an<l /owr/A, the diiTerence in temperature between the supply 

and the return 
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As it would be a long and rather complicated process to work out 
the required size of each pipe for a heating system, Tables XXVI and 
XXVII have been prepared, covering the usual conditions to be met 
with in practice. 

TABLB XXVI 

Direct Radlatins: Surface Supplied by Mains of Different 

Sizes and Lengths of Run 









Square Feet of Radiahnq Surface 
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100 ft. 


200 ft. 


300 ft. 


400 It. 


600 ft. 


WK) ft 


700 ft. 


800 ft. 


1.000 




Run 


Run 


Run 


Run 


Run 


Run 


Run 


Run 


ft. Run 


1 in. 


30 
















U" 


60 


50 
















U" 


100 


75 


50 














2 " 


200 


150 


125 


100 


75 










2i" 


350 


2,50 


200 


175 


150 


125 








3 " 


550 


400 


300 275 


250 


225 


200 1 75 


150 


3J'' 


850 


600 


450 400 


350 


325 


300 


250 


225 


4 " 


1,200 


850 


700j 600 


625 


475 


450 


400 


350 


5 " 




1,4(K) 


1,150; 1,000 


700 


850 


775 


725 


650 


'' 






1,600 


1,40(J 


1,300 


1,200 


1.150 


1 .000 


7 ^' 






1 






1,706 1,600 


1,500 



These quantities have been calculated on a basis of 10 feet difFerenrc 
in elevation between the center of the heater and the radiators, and a differ- 
ence in temperature of 17 degrees between the supply and the return. 

TABLE XXVIl 

Radiating Surface on Different Floors Supplied by 

Pipes of Different Sizes 



Size of 




Square Feet of Radiating Burfacx 




Riser 














Ut story 


2d Story 


3d Story 


4th Story 5th Story 


6th Story 


1 in. 


30 


55 


65 


75 


85 


95 


1^" 


60 


90 


110 


125 


140 


160 


iy2 '' 


100 


140 


165 


185 


210 


240 


2 " 


200 


275 


375 


425 


500 




23^" 


350 


475 










3 " 


550 












33^" 


850 













Table XXVI gives the number of square feet of direct radiation 
which different sizes of mains and branches will supply for varying 
lengths of run. 

Table XXVI may be used for all horizontal mains. For vertical 
risers or drops, Table XXVII may be used. This has been com- 
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puted for the same difference in temperature as in the case of Table 
XXVI (17 degrees), and gives the square feet of surface which dif- 
ferent sizes of pipe will supply on the different floors of a building, 
assuming the height of the stories to be 10 feet. Where a single 
riser is carried to the top of a building to supply the radiators on the 
floors below, by drop pipes, we must first get what is called the average 
elevation of the system before taking its size from the table. This may 
be illustrated by means of a diagram (see Fig. 105). 

In A we have a riser carried to the third story, and from there a 
drop brought down to supply a radiator on. the first floor. The 
elevation available for producing a flow in the riser is only 10 feet, 
the same as though it extended only to the radiator. The water in 
the two pipes above the radiator is practically at the same temperature, 
and therefore in equilibrium, and has no effect on the flow of the 
water in the riser. (Actually there would be some radiation from the 
pipes, and the return, ahowe the radiator, would be slightly cooler, but 
for purposes of illustration this may be neglected). If the radiator 
was on the second floor the elevation of the system would be 20 feet 
(see -B); and on the third floor, 30 feet; and so on. The distance 
which the pipe is carried above the first radiator which it supplies 
has but little effect in producing a ^ow, especially if covered, as it 
should be in practice. Having seen that the flow in the main riser 
depends upon the elevation of the radiators, it is easy to see that the 
way in which it is distributed on the different floors must be con- 
sidered. For example, in B, Fig. 105, there will be a more rapid 
flow through the riser with the radiators as shown, than there would 
be if they were reversed and the largest one were placed upon the first 
floor. 

We get the average elevation of the system by multiplying the 
square feet of radiation on each floor by the elevation above the 
heater, then adding these products together and dividing the same 
by the total radiation in the whole system. In the case shown in 
B, the average elevation of the system would be 
(100 X 30) + (50 X 20 ) + (25 X 10 ) 

100 + 50 + 25 -^4teet; 

and we must proportion the main riser the same as though the whole 
radiation were on the second floor. Looking in Table XXVII, we 
find, for the second story, that a l^-inch pipe will supply 140 square 
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feet; and a 2-iiich pipe, 275 feet. Probably a IJ-inch pipe would 
be sufficient. 

Although the height of stories varies in different buildings, 10 
feet will be found sufficiently accurate for ordinary practice. 

INDIRECT HOT-WATER HEATING 

This is used under the same conditions as indirect steam, and 
the heaters used are similar to those already described. Special 
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Fig. 106. Diagn^am to Illustrate Finding of Average Elevation of Heating System. 

attention is given to the form of the sections, in order that there may 
be an even distribution of water through all parts of them. As the 
stacks are placed in the basement of a building, and only a short 
distance above the boiler, extra large pipes must be used to secure a 
proper circulation, for the head producing flow is small. The stack 
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casings, cold-air aii<l warm-air pipes, an<l registers are the same as 
in steam heating. 

Types of Radiators. The radiators for indirect hot-water heating 
are of the same geneial form as those used for steam. Those shown 
in Figs. 52, 53, 50, 106, and 107 are common patterns. The drum 
pin, Fig, lOfi, is an excellent form, as the method of making the 
connections insures a uniform distribution of water through the 
stack. 

Fig. 107 shows a radiator of good form for water circulation, and 
also of good depth, which is a necessary point in the design of hot- 
water radiators. They should Ijc not loss than 12 or 15 inches deep 
for g(K)d results. Box coils of the form given for steam may also be 



used, provided the connections for supply and return are made of 
gcMKi size. 

Size of Stacks. As indirect hot-water heatc"? arc used princi- 
pally in the warming of dwelling-houses, and in combination with 
direct radiation, the easiest method is to compute the surfaces required 
for direct radiation, and multiply these results by 1.5 for pin radiators 
of good depth. For other forms the factor should vary from 1 .5 
to 2, depending upon the depth and proportion of free area for air- 
flow between the sections. 

If it is desired to calculate the required surface directly by the 
thermal unit method, we may allow an efficiency of from 300 to 400 
for good types in zero weather. 
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In schoolhouse and hospital work, where larger volumes of air 
are wanned to lower temperatures, an efficiency as high as 500 B. T. U, 
may be allowed for radiators of good form. 

Flues and Casings. For cleanliness, as well as for obtaining 
the best results, indirect stacks should be hung at one side of the 
register or flue receiving the warm air, and the cold-air duct should 
enter beneath the heater at the other side, A space of at least 10 
inches, and preferably 12, should be allowed for the warm air above 
the stack. The top of the casing should pitch upward toward the 
warm-air outlet at least an inch in its length. A space of from 8 to 
10 inches should be allowed for cold air below the stack. 

As the amount of air warmed per square foot of heating surface 
is less than in the case of steam, we may make the flues somewhat 
smaller as compared 
with the size of heater. 
Tlie following p r o - 
portions may be used 
under usual conditions 
for d well ing - houses : 
Ij s()Uare inches jwr 
s(|Uarc foot of radia- 
tion for the first floor, 
IJ square inches for 
the second floor, and 

1\ square inches for ng. lirr. indirect HolWaler Radiator. 

the cold-air duct. 

Pipe Connections. In indirect hot-water work, it is not desirable 
to supply more than SO to 100 square feet of radiation from a siii^^le 
connection. When the re*iuirements call for larger stacks, they 
should be divided into two or more groups according to size. 

It is customary to carry up the main from the boiler to a point 
near the basement ceiling, where it is air-vented through a small 
pipe leading to the expansion tank. The various branches should 
grade downward and connect with thfe tops of the stacks. In this 
way, all air, both from the boiler and from the stacks, will find its way 
to the highest point in the main, and Ik- carrietl off automatically. 

As an additional pn-cautioii, a |>et-c<Kk air-vidvc shoulii Im; placed 
in the last section of each stack, and brought out through the casuig 
by means of a short pipe. 
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TABLE XXVIII 

Radiating Surface Supplied by Pipes of Various Sizes— Indirect Hot- 
Water System 



Diameter 

OF 


Square Feet op Radiating Surface 


Pipe 


100 Ft. Run 


200 Ft. Run 


300 Ft. Run 


400 Ft. Run 


1 in. 

u •' 

li " 

2 •' 

2i " 

3 " 
3i " 

4 " 

5 " 

6 '' 

7 " 


15 
30 
50 
100 
175 
275 
425 
600 


25 
40 
75 
125 
200 
300 
425 
700 


25 
60 
100 
150 
225 
350 
575 


50 
90 
140 
200 
300 
500 
800 
1,200 



Some engineers make a practice of carrying the main to the 
ceiling of the first story, and then dropping to the basement before 
branching to the stacks, the idea being to accelerate the flow of water 
through the main, which is liable to be sluggish on account of the 
small difference in elevation between the boiler and stacks. If 
the return leg of the loop is left uncovered, there will be a slight drop 
in temperature, tending to produce this result; but in any case it will 
be exceedingly small. With supply and return mains of suitable 
size and properly graded, there should be no diflSculty in securing a 
good circulation in basements of average height. 

Pipe Sizes. As the difference in elevation between the stacks 
and the heater is necessarily small, the pipes should be of ample size 
to offset the slow velocity of flow through them. The sizes mentioned 
in Table XXVIII, for runs up to 400 feet, will be found to supply 
ample radiating surface for ordinary conditions. Some engineers 
make a practice of using somewhat smaller pipes, but the larger sizes 
will in general be found more satisfactory. 

CARE AND MANAGEMENT OF HOT-WATER HEATERS 

The directions given for the care of steam-heating boilers apply 
in a general way to hot-water heaters, as to the methods of caring 
for the fires and for cleaning and filling the heater. Only the special 
points of difference need be considered. Before building the fire, all 
the pipes and radiators must be full of water, and the expansion tank 
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should be partially filled as indicated by the gauge-glass. Should 
the water in any of the radiators fail to circulate, see that the valves 
are wide open and that the radiator is free from air. Water must 
always be added at the expansion tank when for any reason it is 
drawn from the system. 

The required temperature of the water will depend upon tlie 
outside conditions, and only enough fire should be carried to keep 
the rooms comfortably warm. Ther- 
mometers should be placed in the flow 
and return pipes near the heater, as a 
guide. Special forms are made for 
this purpose, in which the bulb is im- 
mersed in a bath of oil or mercury (see 
Fig. 108). 

FORCED HOT-WATER CIRCU- 
LATION 

While the gravity system of hot- 
water heating is well adapted to 
buildmgs of small and medium size, 
there b a limit to which it can be car- 
ried economically. This is due to the 
slow movement of the water, which 
calls for pipes of excessive size. To 
overcome this difficulty, pumps are 
used to force the water through the 
mains at a comparatively high velocity. 

The water may be heated in a 
boiler in the same manner as for 
gravity circulation, or exhaust steam 

may be utilized in a feed-water heater ''^'^Pi^n^'.rS'^'fe'r'Vn'e^r-'" 
of large size. Sometimes part of the "■">«'temperai.r..i waw^r. 
heat is derived from an economizer placed in the smoke passage 
from the boilers. 

Systems of Piping. The mains forforcod circulation are usually 
run in one of two ways. In the two-pipe nystcm, shown in Fig. 11)9, 
the .supjtly. and return arc carriwl si<le by side, the former reducing 
in size, and the latter increasing us the brunches ure taken off. 
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The flow through the risers is produced by the diflFerence in 
pressure in the supply and return mains; and as this is greatest 
nearest the pump, it is necessary to place throttle-valves in the risers 
to prevent short-circuiting and to secure an even distribution through 
all parts of the system. 

Fig. 110 shows the single-pipe or circuit system. This is similar 
to the one already described for gravity circulation, except that it can 
be used on a much larger scale. 

A single main is carried entirely an)und the building in this 
case, the ends being connected with the suction and discharge of the 
pump as shown. 

As the pressure or head In the main drops constantly throughout 
the circuit, from the discharge of the pump back to the suction, it is 
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Fig. 109. •♦Two-PliH)" System for Forced Hot- Water Circulation. 

evident that if a supply riser \ye taken off at any jx)int, and the return 
be connected into the main a short distance along the line, there will 
be a sufficient difference in pressure between the two points to produce 
a circulation through the two risers and the connecting radiators. 
A distance of 8 or 10 feet between the connections is usually ample to 
produce the necessary circulation, and even less if the supply is taken 
from the top of the main and the return connected into the side. 

Sizes of Mains and Branches. As the velocity of flow is inde- 
pendent of the tcmj)erature and elevation when a pump is used, it is 
necessary to consider only the volume of water to be moved and the 
length of run. 
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The volume is found by the equation 

^ 500 r' 

in which 

Q = Gallons of water required per minute; 
R — Square feet of radiating surface to be supplied ; 
E = Efficiency of radiating surface in B. T. U. per sq. foot per hour; 
T =■ Drop in temperature of the water in passing through the heating 
system. 

In systems of this kind, where the circulation is comparatively 
rapid, it is customary to assume a drop in temperature of 30^ to 40°, 
between the supply and return. 

Having determined the gallons of water to be moved, the required 
size of main can be found by a^jsumihg the velocity of flow, which 
for pipes from 5 to 8 inches in diameter may be taken at 400 to 500 
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Fig. no. **Slnglo-Plpe" or "Circuit" System for Forced Hot- Water Circulation. 

feet per minute. A velocity as high as 600 feet is sometimes allowed 
for pipes of large size, while the velocity in those of smaller diameter 
should be proportionally reduced to 250 or 300 feet for a 3-inch pipe. 
The next step is to find the pressure or head necessary to force the 
water through the main at the given velocity. This in general should 
not exceed 50 or 60 feet, and much better pump efficiencies will be 
obtained with heads not exceeding 35 or 40 feet. 

As the water in a heating system is in a state of equilibrium, the 
only power necessary to produce a circulation is that required to 
overcome the friction in the pipes and radiators; and, as the area of 
the passageways through the latter is usually large in comparison 
with the fonner, it is customary to consider only the head necessary 
to force the wtiter through the mains, taking into consideration the 
additional friction produced by valves and fittings. 
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Each long-turn elbow may be taken as adding about 4 feet to 
the length of pipe; a short-turn fitting, about 9 feet; 6-inch and 
4-inch swing check-valves, 50 feet and 25 feet, respectively; and 
6-inch and 4-inch globe check-valves, 200 feet and 130 feet, respec- 
tively. 

Table XXIX is prepared especially for determining the size of 
mains for different conditions, and is used as follows: 

Example. Suppose that a heating system requires the circulation of 480 
gallons of water per minute through a circuit main 600 feet in length. The 
pipe contains 12 long-turn elbows and 1 swing check-valve. What diameter 
of main should be used ? 

Assuming a velocity of 480 feet per minute as a trial velocity, we 
follow along the line corresponding to that velocity, and find that a 
5-inch pipe will deliver the required volume of water under a head 
of 4.9 feet for each 100 feet length of run. 

The actual length of the main, including the equivalent of the 
fittings as additional length, is 

600 + (12 X 9) + 50 = 758 feet; 
hence the total head required is 4.9 X 7.58 = 37 feet. As both 
the assumed velocity and the necessary head come within practicable 
limits, this is the size of pipe which would probably be used. If it 
were desired to reduce the power for running the pump, the size of 
main could be increased. That is. Table XXIX shows that a 6-inch 
pipe would deliver the same volume of water with a friction head of 
only about 2 feet per 100 feet in length, or a total head of 2 X 7 . 58 = 
15 feet. 

The risers in the circuit system are usually made the same size 
as for gravity work. With double mains, as shown in Fig. 109, they 
may be somewhat smaller, a reduction of one size for diameters over 
1} inches being common 

The branches connecting the risers with the mains may be pro- 
portioned from the combined areas of the risers. When the branches 
are of considerable size, the diameter may be computed from the 
available head and volume of water to be moved. 

Pumps. Centrifugal pumps arc usually employed in connection 
with forced hot-water circulation, in preference to pumps of the 
piston or plunger type. They are simple in construction, having 
no valves, produce a continuous flow of water, and, for the low heads 
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against which they are operated, have a good efficiency. A pump of 
this type, with a direct-connected engine, is shown in Fig. 111. 

Under ordinary conditions the efficiency of a centrifugal pump 
falls off considerably for heads above 30 or 35 feet; but special high- 
speed pumps are constructed which work with a good efficiency 
against 500 feet or more. 

Under favorable conditions an efficiency of 60 to 70 per cent is 
often obtained; but for hot-water circulation it is more common to 
assume an efficiency of about 50 per cent for the average case. 

The horse-power retjuired for driving a pump is given by the 



following formula: 



H p =^^^ VX 8.3 



in which 



// = Friction head in feet; 

V = Gallons of water delivered per minute; 

E = Efficiency of pump. 

Centrifugal pumps are made in many sizes and with varying 
pr(){)ortions, to meet the different requirements of capacity and head. 

Heaters. If the water is heated in a boiler, any good form may 
be used, the same as for gravity work. In case tubular boilers are 
used, the entire shell may be filled with tubes, as no steam space is 
required. 

In order to prevent the water from passing in a direct line from 
the inlet to the outlet, a series of baffle-plates should be used to bring 
it in contact with all parts of the heating surface. 

When steam is used for heating the water, it- is customary to 
employ a closed feed-water heater with the steam on the inside of the 
tubes and the water on the outside. 

Any good form of heater can be used for this purpose by providing 
it with steam connections of sufficient size. In the ordinary form of 
heater, the feed-water flows through the tubes, and the connections 
are therefore small, making it necessary to substitute special nozzles 
of large size when used in the manner here described. 

When computing the required amount of heating surface in the 
tubes of a heater, it is customary to assume an efficiency of alx)ut 200 
R. T. U. per square foot of surface per hour, per degree diflFerence in 
temperature between the water and steam. 



294 



HEATING AND VF.XTILATION 12S 

It is usual to circulate the water at a somewhat higher tempera- 
ture in systems of this kind, and a maximum initial temperature of 
200 degrees, with a drop of 40 degrees in the heating system, may be 
used in computing the size of heater. If exhaust steam is used at 
atmospheric pressure, there will be a difference of 212 ~ 180 = 32 
degrees, between the average temperature of the water and the steam, 
giving an efficiency of 200 X 32 = 6,400 B. T. U. per square foot 
of heating surface. 

From this it is evident that 6,400 -e- 170 = 3S square feet of 
direct radiating surface, or 6,400 -;■ 400 = 16 square feet of indirect, 
may be supplied from each square foot of tube surface in the heater. 

Eiample. A building having 6,000 square feet of direct, and 2,000 
square feet of indirect radiation, is to be warmed by hot water under forrcd 
[-[rculation. Steam at atmospheric prcsBiirc is to be used for 1ieatjn(; Ihc 
water. How many square feet of licating surface sliould tlio lieatcr contain 1 

6,000 -7- as =- 158; and 2,000 
-7- Ifi = 12r); therefore, 158 + 
125 = 283 square feet, tlie area 
of heating surface called for. 

When the exhaust steam is 
not sufficient for the require- 
ments, an auxiliary live steam 
heater is used in connection 
with it. 

EXAMPLES FOR PRACTICE 

1. A building contains 
10,000 square feet of direct 
radiation and 4,000 square feet 
of indirect radiation. How 
many gallons of water must be circulated through the mains per min- 
ute, allowing a drop in temperature of 40 degn-es? An8, 16.5 gal. 

2. In the above example, what size of main should l)e u.scd, 
assuming the circuit to be 300 feet in length and to contain ten long- 
turn elbows? The friction head is not to exceed 10 ft., and the 
velocity of flow not to exceed 300 feet per minute. Ans. 4-inch. 

3. What horse-power will be re<)uired to drive a centrifugal 
pump delivering 400 gallons per minute against a friction head of 
40 feet, assuming an efficiency of 50 per cent for the pump? 

Ans. S H. P. 



Vie, 111. Centrtrugal Pamp DIrect-O 
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4. A building contains 10,000 square feet of direct radiation and 
5,000 square feet of indirect radiation. Steam at atmospheric pres- 
sure IS to be used. The initial temperature of the water is to be 200°; 
and the final, 160°. How many square feet of heating surface should 
the heater contain?- Ans. 575 sq. ft. 

5. How many square feet would be required in the above 
heater (Example 4) if the initial temperature of the water were 180° 
and the final temperature 150°? Axs. 399 sq. ft. 

EXHAUST-STEAM HEATING 

Steam, after being used in an engine, contains the greater part 
of its heat; and if not condensed or used for other purposes, it can 
usually be employed for heating without affecting to any great extent 
the power of the engine. In general, we may say that it is a matter of 
economy to use the exhaust for heating, although various factors 
must be considered in each case to determine to what extent this is 
true. The more important considerations l)earing upon the matter 
are : the relative quantities of steam re(|uired for power and for 
heating; the length of the heating season; the type of engine used; 
the pressure carried; and, finally, whether the plant under con- 
sideration is entirely new, or whether, on the other hand, it involves 
the adapting of an old heating system to a new plant. 

The first use to be made of the exhaust steam is the heating of 
the feed-water, as this effects a constant saving both summer and 
winter, and can be done without materially increasing the back- 
pressure on the engine. Under ordinary conditions, about one-sixth 
of the steam supplied to the engine can be used in this way, or more 
nearly one-fifth of the exhaust discharged from the engine. 

We may assume in average practice that dbout 80 per cent of 
the steam supplied to an engine is discharged in the form of steam 
at a lower pressure, the remaining 20 per cent being partly converted 
into work and partly lost through cylinder condensation. Taking 
this into account, there remains, after deducting the steam used for 
feed-water heating, .8 X y = .64 of the entire quantity of steam 
supplied to the engine, available for heating purposes. 

When the quantity of steam required for heating is small com- 
pared with the total amount supplied to the engine, or where the 
heating season is short, it is often more economical to run the engine 
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condensing and use the live steam for heating. This can be deter- 
mined in any particular case by computing the saving in fuel by the 
use of a condenser, taking into account the interest and depreciation 
on the first cost of the condensing apparatus, and the cost of water, 
if it must be purchased, and comparing it with the cost of heating 
with Hve steam. 

Usually, however, in the case of oflSce buildings and institutions, 
and commonly in the case of shops and factories, especially in north- 
erly latitudes, it is advantageous to use the exhaust for heating, even if 
a condenser is installed for summer use only. The principal objec- 
tion raised to the use of exhaust steam has been the higher back- 
pressure required on the engines, resulting in a loss of power nearly 
proportional to the ratio of the back-pressure to the mean effective 
pressure. There are two ways of offsetting this loss — one, by raising 
the initial or boiler pressure; and the other, by increasing the cut- 
off of the engine. Engines are usually designed to work most econom- 
ically at a given cut-off, so that in most cases it is undesirable to 
change it to any extent. Raising the boiler pressure, on the other 
hand, is not so objectionable if the increase amounts to only a few 
pounds. 

Under ordinary conditions in the case of a simple engine, a rise 
of 3 pounds in the back-pressure calls for an increase of about 5 
pounds in the boiler pressure, to maintain the same power at the 
engine. 

The indicator card shows a back-pressure of about 2 pounds 
when an engine is exhausting into the atmosphere, so that an increase 
of 3 pounds would bring the pressure up to a total of 5 pounds which 
should be more than sufficient to circulate the steam through any 
welWesigned heating system. 

If it is desired to reduce rather than increase the back-pressure, 
one of the so-called vacuum systems, described later, can be used. 

The systems of steam heating which have been described are 
those in which the water of condensation flows back into the boiler 
by gravity. Where exhaust steam is used, the pressure is much below 
that of the boiler, and it must be returned either by a pump or by a 
return trap. The exhaust steam is often insufficient to supply the 
entire heating system, and must be supplemented by live steam taken 
directly from the boiler. This must first pass through a reducing 
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valve in order to reduce the pressure to correspond with that carried 
in the heating system. 

An engine does not deliver steam continuously, but at regular 
intervals, at the end of each stroke ; and the amount is likely to vary 
with the work done, since the governor is adjusted to admit steam in 
such a quantity as is required to maintain a uniform speed. If the 
work is light, very little steam will be admitted to the engine; and 
for this reason the supply available for heating may vary somewhat, 
depending upon the use made of the power delivered by the engine. 
In mills the amount of exhaust steam is practically constant; in 
office buildings where power is used for lighting, the variation is 
greater, especially if power is also required for the running of elevators. 

The general requirements for a successful system of exhaust 
steam heating include a system of piping of such proportions that 
only a slight increase in back-pressure will l)e thrown upon the engine; 
a connection which shall automatically supply live steam at a reduced 
pressure as needed; provision for removing the oil from the exhaust 
steam ; a relief or back-pressure valve arranged to prevent any sudden 
increase in back pressure on the engine; and a return system of some 
kind for returning the water of condensation to the boiler against 
a higher pressure. These requirements may be met in various ways, 
depending upon actual conditions found in different cases. 

To prevent sudden changes in the back-pressure, due to irregular 
supply of steam, the exhaust pipe from the engine is often carried to 
a closed tank having a capacity from 30 to 40 times that of the engine 
cylinder. This tank may be provided with baf&e*plates or other 
arrangements and may sen^e as a separator for removing the oil from 
the steam as it passes through. 

Any system of piping may be used; but great care should be 
taken that as little resistance as possible is introduced at bends and 
fittings ; and the mains and branches should be of ample size. Usually 
the best results are obtained from the system in which the main steam 
pipe is carried directly to the top of the building, the distributing pipes 
being run from that point, and the radiating surfaces supplied by a 
down-flowing current of steam. 

Before taking up the matter of piping in detail a few of the more 
important pieces of apparatus will be described in a brief way. . 

Reducing Valves, The action of pressure-reducing valves ha3 
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been taken up quite fully in "Boiler Accessories," and need not be 
repeated here. WTien the reduction in pressure is large, as in the 
case of a combined power and heating plant, the valve may be one or 
two sizes smaller than the low-pressure main into which it discharges. 
For example, a 5-inch valve will supply an 8-inch main, a 4-inch a 
6-inch maiq, a 3-inch a 5-inch main, a 2J-inch a 4-inch main, etc. 

For the smaller sizes, the difference should not be more than one 
size. All reducing valves should be provided with a valved by-pass 
for cutting out the valve in case of repairs. This connection is usually 
made as shown in plan by Fig. 112. 

Grease Extractor. When exhaust steam is used for heating pur- 
poses, it must first be passed through some form of separator for 
removing the oil ; and as an additional precaution it is well to pass the 
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BY-PASS 
FIk-'I 12. roiintn'tions of liedncliij? Valve, in Kxhaiist-StfjiTii Heating System, 

water of condensation through a separating tank before returning it to 
the boilers. 

Such an arrangement is shown in Fig. 113. As the oil collects 
on the surface of the water in the tank, it can be made to overflow 
into the sewer by closing the valve in the connection with the receiving 
tank, for a short time. 

As much of the oil as possible should be removed before the 
steam enters the pipes and radiators, else a coating will be formed on 
their inner surfaces, which will reduce their heating efficiency. The 
separation of the oil is usually effected by introducing a series of 
baffling plates in the path of the steam; the particles of oil striking 
these are stopped, and thus separated from the steam. The oil drops 
into a receiver provided for this purj)ose and is discharged through a 
trap to the sewer. 

In the separator, or extractor, shown in Fig. 114, the separation is 
accomplished by a series of plates placed in a vertical position in the 
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body of the separator, through which the steam must pass. These 
plates consist of upright hollow columns, with openings at regular 
intervals for the admission of water and oil, which drain downward 
to the receiver below. The steam takes a zigzag course, and all of 
it comes in contact with the intercepting plates, which insures a 
thorough separation of the oil and other solid matter from the steam. 
Another form, shown in Fig. 115, gives excellent results, and has the 
advantage of providing an equalizing chamber for overcoming, to 
some extent, the unequal pressure due to the varying load on the 
engine. It consists of a tank or receiver about 4 feet in diameter, 
with heavy boiler-iron heads slightly crowned to give stiffness. 






i 



Recttlvlrtg- Tar^k 



^ 



b Sewer 



Oi\ Over^riovw 



iUR *<\N ( /;' 



To Reco^vi-ncf Tank 



£\;) 



^^ 



: 1 Clear >A%t«r 



y^At Bottom 




Main Ret-um 
From Tr ap 



Tig. 1 13. Separator for Remoylng Oil from Exhaust Steam and Water Condensation. 

Through the center is a layer of excelsior (wooden shavings of long 
fibre) about 12 inches in thickness, supported on an iron grating, 
with a similar grating laid over the top to hold it in place. The 
steam enters the space below the excelsior and passes upward, as 
shown by the arrows. The oil is caught by the excelsior, which can 
be renewed from time to time as it becomes saturated. The oil and 
water which fall to the bottom of the receiver are carried off through 
a trap. Live steam may be admitted through a reducing valve, for 
supplementing the exhaust when necessary. 

Back-Pressure Valve. This is a form of relief valve which is 
placed in the outboard exhaust pipe to prevent the pressure in the 
heating system from rising above a given point. Its office is the 
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reverse of the reducing valve, which supplies more steam when 
the pressure becomes too low. The form shown In Fig. 116 is 
designed for a vertical pipe. The valve proper consists of two discs 
of unequal area, the combined area of which equals that of the pipe. 
The force tending to open the valve is that due to the steam pressure 
acting on an area equal to the difference in area between the two discs; 
it is clear from the cut that the 
pressure acting on the larger 
disc 'tnds to open the valve 
while the pressure on the smal- 
ler acts in the opposite direc- 
tion. The valve-stem is con- 
nected by a link and crank 
arm with a spindle upon which 
is a lever and weight outside. 
As the valve opens, the weight 
is raised, so that, by placing it 
in different positions on the 
lever ann, the valve will open 
at any desired pressure. 

Fig, 117 shows a different 
type, in which a spring is used 
instead of a weight. This 
valve has a single disc moving / 
in a vertical direction. The 
valve stem is in the form of a 
piston or dash-pot which pre- 
vents a too sudden movement 
and makes it more quiet in 
its action. The disc is held 

on its seat against the steam OBBiMflSff 

pressure by a lever attached ^'^- 'p^^^^^^^^o^'ZS'uuTml^^i^T^^^^ 
tothe spring as shown. ^\'hen '^^^ » "urse. 

the pressure of the steam on the underside becomes greater than the 
tension of the spring, the valve lifts arid allows the steam to escape. 
The tension of the spring can be varied by means of the adjusting 
screw at its upper end. 

A back-pressure valve is simply a low-pressure safety-valve 
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designed with a specially large opening for the passage of steam 
through it. These valves are made for horizontal as well as for 
vertical pipes. 
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Fir. 1 15. Oil Separator Consisting of a Tank in which Steam is Filtered by Passing 

Upward through a I^ayer of Excelsior. 

Exhaust Head. This is a form of separator placed at the top 
of an outboard exhaust pipe to prevent the water carried up in the 
steam from falling upon the roofs of buildings or in the street below. 
Fig. 118 is known as a centrifugal exhaust head. The steam, on 

entering at the bottom, is given a 
wliirling or rotary motion by the 
spiral deflectors; and the water is 
tjirown outward by centrifugal force 
against the sides of the chamber, from 
which it flows into the shallow trough 
at the base, and is carried away through 
the drip-pipe, which is brought down 
and connected with a drain-pipe in- 
side the building. The passage of the 
steam outboard is shown by the arrows. 
Other forms are used in which the 
water is separated from the steam by 
deflectors which change the direction of 
the currents. 
Automatic Return-Pumps. In exhaust heating plants, the 
condensation is returned to the boilers by means of some form of 
return-pump. A combined pump and receiver of the form illus- 




Flg. 1 16. Automatically Acting Back- 
pressure Valve Attached to Ver- 
tical Pipe. For Preventing 
Klse of Pressure in System 
above any Desired 
Point. 
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trated in Fig. 119 is generally used. This consists of a cast-iron or 
wrought-iron tank mounted on a base in connection witli a boiler 
feed-pump. Inside the tank is a ball-float connected by means of 
levers with a valve in the steam pipe which is connected with the 
pump When the water-line in the tank rises above a certain level, 
the float is raised and opens the steam valve, which starts the pump. 
When the water is lowered to its normal level, the valve closes and 
the pump stops. By this arrangement, a constant water-line is 
maintained in the receiver, and the pump runs only as needed to care 
for the condensation as it returns from the heating system. If dry 
returns are used, they may be brought together and connected with 
the top of the receiver. If it is desired to sea! the horizontal runs, as 



fig. 118. Csmrltugal Exbsust He&d. 

is usually the case, the receiver may be raiseil to a height sufheient 
to give the required elevation an<l the returns connected near the 
bottom below the water-line. 

A balance-pipe, so called, should c-onnect the heating main with 
the top of the tank, for equalizing the pressure; otherwise the steam 
above the water would condense, and the vacuum thus formed would 
draw all the water into the tank, leaving the returns practically empty 
and thus destroying the condition sought. Sometimes an inde- 
pendent regulator or pump governor is used in place of a receiver. 
One type is shown in Fig. 120. The return main is connected at 
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the upper opening, and the pump suction at the tower. A float inside 
the chamber operates the steam valve shown at the top, and the pump 
works automatically as in (he case just described. 

If it is desired to raise the water-line, the regulator may he 
elevated to the desired height and connections made as shown in 
Fig. 121. 

Return Traps. The principle of the return trap has been de- 
scribtnl in "Bi>il<T Accessories," but its practical form and application 



Fig. 11B. CoraMoed Receiver and Auiommtc Pump (or Reluming WatBi" of 
CoudBUfialioD to Boiler. 

will l)e taken up here. The type shown in Fig. 122 has all its working 
parts outside the trap. It coiLsists of a cast-iron bowl pivoted at G and 
H. There is an opening through G connecting with the inside of 
the bowl. The pipe K connects through C with an interior pipe 
opening near the top (see Fig. 123). The pipe D connects with a 
ivceiver, into which all the returns are brought. ^ is a check-valve 
allowing water to pass through in the direction shown by the arrow 
£ is a pipe connecting with the Iwiler below the water-line. B is ii 
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check opening toward the boiler, and K, a pipe connected with the 
steam main or drum. 

The action of the trap is as fol- 
lows : As the bowl fills with water from 
the receiver, it overbalances the 
weighted lever and drops to the bot- 
tom of the ring. This opens the valve 
C, and admits steam at boiler pres- 
sure to the top of the trap. Being at 
a higher level the water flows by grav- 
ity into the boiler, through the pipe E. 
Water and steam are kept from passing 
out through D by the check A. 

When the trap has emptied it- 
self, the weight of the ball raises it 
to the original position, which movement closes the valve C and opens 
the small vent F. The pressure in the bowl being relieved, water 
flows in from the receiver through Z), until the trap is filled, when the 




Fig. 120. Automatic Float-Operated 

Pump Governor Used instead 

of a Receiver. 
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Fig. 121. Pump Regulator Placed at Sufficient Height to Raise Wat«r-Llne to 

Point Desired. 

process is repeated. In order to work satisfactorily, the trap should 
be placed at least 3 feet above the water-level in the boiler, and the 
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prt'.ssiirt^ ill tlic returns must ulwajs 1h: sufficient to r.iisc the water 
fnm\ the n-eeiver to tlie tmp a<;uuist atmospheric pressure, which is 
theoretieally alwiit 1 poimd for every 2 feet in height. In practice 
there will be more or less friction to 
overcome, antl suitable iuljustments must 
be made for each particular case. 

Fig. 124 shows another form of trap 
acting upon the same principle, except 
that in this case the steam valve is oper- 
ated by a bucket or float Inside the trap. 

The pipe connections are practically the jj 

same as with the trap just dcscril>cd. 

Return traps are more commonly 
used in smaller plants where it is desired pj^ j^ j,p,„ 
to avoid the expense and care of a pump. 

Damper-Regulators. Every heating and every power plant 
should be provided with automatic means for closing the dampers 
when the steam pressure reaches a certain point, and for opening 
them again when the pressure drops. There are various regulators 
designed for this purpose, a simple form of which is shown in Fig. 125. 
Steam at boiler pres- 
sure is admitted beneath a. 
diaphragm which is bal- 
anced by a weighted lever. 
\\'hen the pressure rises to a 
certain point, it raises the 
lever slightly and opens a 
valve which admits water 
under pressure above a dia- 
phragm located near the 
smoke-pi(>e. This action 
forces down a lever con- 
nected by chains with the 

FlB.123. Sli««-ius IrK.Tlnr DrUll of l{,ttira Tray tl « ni p C r , and cloSCS it. 

utiiB. lii. When the steam pressure 

drops, the water-valve is closed, and the different parts of the 
apparatus take their original pasltions. 

Aiiolhcr form similar in principle is sliowii ui Fig. 12li, In this 
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case a piston is operated by the water-pressure, instead of a diaphragm. 
In botK types tlie pressures at which the damper shall open and close 
are regulated by suitable adjustments of the weights upon the levers. 
Pipe Connections. The mcthwl of making the pipe connections 
in any particular case will depend upon the general arrangement 
of the apparatus and the various conditions. Fig. 127 illustrates 



Fig. 131. Return Trap with Stfara Valve Operated by Bucket or Float IniilJe. 

the general principles to l)e followed, and by .suitable changes may be 
uswl a.s a guide in thu design of new .systems. 

Steam first passes from the boilers into a large drum or header. 
From thi.s, a main, provided with a shut-off valve, is taken as shown; 
one branch is carried to the engines, while another is connected with 
the heating system through a reducing valve having a by-pass and 
cut-out valves. The exhaust from the engines connects with the large 
Duiin over the Ijoilors at a [Miiut just aljove the s'eam drum. The 
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branch at the right is carried outboard through a back-pressure 
valve which may be set to cany any desired pressure on the system. 
The other branch at the'left passes through an oil separator into the 
heating system. The connections between the mains and radiators 
are made in the usual way, and the main return is carried back to the 
return pump near the floor. A false water-line or seal is obtained by 
elevating the pump regulator as already described. An equalizing 
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Fig. 125. Simple l'""orm of Automatic Damper-Regulator, Operated by Lever Attached to 
Diaphragm, for Closing Dami>ers when Steam Pressure Reaches a Certain Point. 

or balance pipe connects the top of the regulator with the low-pressure 
heating main, and high pressure is supplied to the pump as shown. 

A sight-feed lubricator should be placed in this pipe above the 
automatic valve; and a valved by-pass should be placed around the 
regulator, for running the pump in case of accident or repairs. The 
oil separator should be drained through a special oil trap to a catch- 
biisin or .to the sewer; and the steam drum or any otiier low points 
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or pockets in the high-pressure piping should be dripped to the 
return tank through suitable traps. 

Means should be provided for draining all parts of the system 
to the sewer^ and all traps and special apparatus should be by-passed. 
The return-pump should always be duplicated in a plant of any size, 
as a safeguard against accident; and the two pumps should be run 
alternately, to make sure that one is always in working order. 




Fig. 120. Automatic Damper-Regulator Operated by Piston Actuated 

by Water-Pressure. 



. One piece of apparatus not shown in Fig. 127 is the feed-water 
heater. If all of the exhaust steam can be utilized for heating pur- 
poses, this is not necessary, as the cold water for feeding the boilers 
may be discharged into the return pipe and be pumped in with the 
condensation. In summertime, however, when the heating plant is 
net in use, a feed-water heaier is necessary, as a large amount of heat 
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which would otherwise be wasted may be saved in this way. The 
connections will depend somewhat upon the form of heater used; 
but in general a single connection with the heating main inside the 
back-pressure valve is all that is necessarj'. The condensation from 
the heater should be trapped to the sewer. 
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STEAM BOILERS AND CONNECTIONS 

# 

Small Cast-iron Boilers. For small low-pressure steam heating 
jobs, boilers made up of very few sections are used. Two types are 
illustrated in Figs. 1 and 
2. The ratings of such 
boilers range, as a rule, 
from about 200 square 
feet to 800 square feet. 
These figures and those 
following are intended 
to give merely a general 
idea of the capacities of 
boilers of various types. 
There is no hard and fast 
rule governing the mat- 
ter, manufacturers vary- 
ing greatly in their prac- 
tice. The ratings men- 
tioncd are given in the 
number of square feet of 
direct radiation the boiler 
is rated to supply, with 
steam at from 3 to 5 
pounds' pressure when 
the radiators are sur- 
rounded by air at 70° F. 

Boilers similar, in a 
general way, to the one 
illustrated in Fig. 3 are 

1 • • 1 1 . Fig. I. Small Low-Pressure Steam Heating Boiler. 

used for jobs somewhat 

larger than the boilers above described would be adapted to. These 
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boilers have grates ranging generally from 18 inches to 36 inches 
diameter, and are rated from about 300 square feet to 1,600 square 
feet, or more. 

The boilers above described have the disadvantage of not being 
capable of having their grate surface increased by adding sections, a.« 
may readily be done with boilers having vertical sections. 

Cast-Iron Boilers with Vertical Sections. Boilers for jobs having 




Fig. 2. Small Low-Pressure Steam Heating Boiler. 

jinywhere from 500 to 5,000 square feet of surface, or more, are made 
^ip of vertical sections, as in Fig. 4, connected either by slip nipples or 
by drums and nipples with long screws and lock-nuts. 

Very many sHi^-nipple boilers are now being manufactured, find- 
ing favor with fitters owing to the ease with which they can be erected. 
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The larger sizes of vertical sectional boilers are often made up of 
two sets of sections placed opposite each other, as shown in Fig. 5. 
Such boilers are rated up to 6,000 square feet and over. 

Arrangement of Grates. Certain makers, in order to avoid mak- 
ing patterns for a boiler 
with a wide grate, secure 
the necessary grate sur^ 
face by adding to the 
length. For ordinary 
low-pressure heating, the 
efficiency of any grate 
over 6 feet in length 
falls off very rapidly, 
owing to the difficulty of 
properly caring for the 
fire. Six feet should be 
con.sidered about the 
limit for the length of a 
gnite in a low-pressure 
Iwiler. 

Not long ago few 
portable boilers with 
grates wider than 3G 
inches were manufac- 
tured. Now, boilers with 
42-inch, 48-inch, and 
even wider grates, are 
common. 

Selection of Boilers. 
It is well in selecting a 
boiler, to see that the 
proportion of heating 
surface to grate surface 
is not less than IG to 1, 
and in large boilers not ne-9. steam HeaUng souer. 

less than 20 to 1 ; that the fire-box is deep, so that ample coal may 
be put on to bum through the night; that the grate is not too long 
for convenient firing and cleaning; that there ia ample steam space; 
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and that the water line is not broken into too many sinall areas involv- 
ing the likelihood that water will lie lifted by rapid evaporation aiifl 
wet steam result. See to it, also, that the ash-pit is deep, and that 
the grate is of a design that will permit convenient operation of the 
iKiiler. 

On large jolx-i, it is better, as a rule, to use two boilers. One 
must rememlier that a plant must 1)6 designed for the coldest weather; 
and since the average 
temperature during the 
heating season is, in 
many Northern sections, 
not far from 40°, one of 
a pair of boilers will be 
sufficient under average 
conditions to do the 
work with economy; 
whereas a single, large 
boiler, (luring a good 
part of the heating sea- 
son, would have to l>e 
nm with draft- checked 
and under very unfavor- 
able coalitions as to 
c<-ononiy. It is almast 
us poor economy to have 
too large a teiler as to 

PlB.*. Steati.neatlnKBolIerw1lhVertl<-ilSe<-ilons. j,^^.g „„^ ^^ j^^H^ f,,^^ 

if run with the feed-<loor open or drafts closely checked, incom- 
plete combustion takes place. 

Boilers for Soft Coal. Some boilers for burning soft coal are 
arranged with a perforated pipe or duct discharging heated air above 
the fire to make the combustion more complete and thus diminish the 
amount of smoke given off. This arrangement is of somewhat doubt- 
ful utility, since it is difficult to heat the air properly, and to regulate 
its admission. 

It is necessary, for soft coal boilers, that the flues and smoke-pipe 
l>e larger than for hard coal heaters, in order to provide for the more 
rapid accumulation of soot. Soft coal boilers are also built on the 
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cIown-<lraft principle, the air being drawn down through the fire in- 
steml of passing upward in the usual manner. 

Coke Boilers. Coke is a popular fuel in some parts of the couiH 



Fig. 5. Venlcai Sectional Boiler. 

try; an<l certain makers are putting out specially designed boilers 
for this service, having a very deep fire-box. 

Boiler Setting and Foundations. Brick setting of boilers, as 



Fig. A. Boiler In Brick Selling. 
in the case of furnaces, has I>een quite generally discarded, except 
in cases where the space around and above the boiler is used as a cen- 
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tral heating chamber for indirect systems, the radiators being placed 

above the heater (see Fig. 6). The pipes lead off as in furnace heating. 

The ash-pits under most boilers are rather shallow; therefore 




Fig. 7. Pit for Collection of Hot Ashes. 

it is a good plan to excavate and build a pit not less than 4 to 6 inches 
below the floor, to give additional space for the collection of hot ashes, 
thus avoiding the burning-out of grates. Such pits should be built 

preferably of brick, and the 
lx)ttom should be paved with 
bricks on edge, to prevent 
their being easily dislodgetl. 
Fig. 7 shows the general ar- 
rangement of an ash-pit built 
as described. 

Boiler Connections. Small 
jobs frequently have no stop 
valves at the boiler. In the 
case of larger ones, or where 
there are two boilers, valves 
in the supply mains must al- 
ways be accompanied with 
check valves in the returns; 
otherwise, in case a stop valve 
in the main steam line is 
closed, the water will be 
backed out of the main returns 
at the boiler, by the pressure. Should the water partially leave the 
boiler in this manner and then suddenly return, the water coming in 
contact with the heated sections will crack them. * 

A stop valve should be placed between the boiler and the check 
valve in the return. A typical arrangement of return, etc., is shown 




^fialn refum tn c/ua 

Fig. 8. Typical Arrangement of Return, 
Showing Check Valve. 
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in Fig. 8. It is convenient to have an independent drain connection 
from the returns to provide for drawing of! the water in the system 
without emptying the water from the boiler. The latter, of course, 
has its independent blow-off cock. The water supply to the boiler 
should be controlled by a lock-shield valve or a cock that cannot be 
tampered with by any person not in charge. Boilers having eight 
sections or more, as a rule, have two or more steam outlets, thus re- 
ducing the likelihood of the boiler priming or making wet steam, since, 
with a single outlet, the velocity of steam through it may be so great 
that the water is picked up and carried into the piping system. 




Main 
Return 



Fig. 9. Method of Connecting Two Boilers. 



When two boilers are to be connected, especial care must be taken 
to make them maintain an even water line when working together. 
Fig. 9 shows a method of making these connections that is simple and 
effective. The valved connection between the two boilers, below 
the water, gives free communication between them, making them work 
as one and preventing a difference in the water level in the two boilers. 
The equalizing pipe is often omitted, the header being made about 
twice the diameter of the pipes leading to it from the boilers. 

The returns are connected with the twin boilers practically as 
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shown in Fig. 8, the check valve being placed between the stop valve 
of each boiler and the main return. 

Boiler Fittings or Trimmings. It is important to have a reliable 
safety-valve, preferably one of the "pop" type specially designed for 
steam heating systems. 

The damper regulators used are of the ordinary diaphragm pat- 
tern, and should be connected by chains with both the lower draft door 
below the grate, and with the cold-air check in the smoke connection. 

The steam gauge with siphon, the water column, water gauge, 
gauge cocks, etc., require no special description. 

Capacity of Boilers. Boiler capacities are commonly expressed 
in the number of square feet of direct radiating surface they will supply 
without undue forcing. Mains and risers should, of course, he added 
to the actual amount of surface in the radiators and coils. Even if 
the pipes are covered, a small allowance should l)e added to the com- 
bined surface of the radiators. Not less than 50 per cent, and pre- 
ferably 60 per cent, must be added to indirect radiation, to reduce it to 
equivalent direct radiation; and not less than 25 to 30* per cent to di- 
rect-indirect radiation, to get its f^ijuivalent in direct surface. Another 
point to be kept in mind in selecting a boiler for heating n)onis to be 
kept at different temperatures, is that more heat is given off per square 
foot of radiation in a room at 50^, for example, than in a room kept 
at 70®, the amount given off being approximately proportional to the 
difference in temperature between the steam and the air. With steam 
at, say, 220°, corresponding to a trifle over 2 pounds' pressure, the 
difference, in the case assumed, would be 220^-50° « 170°,and 220°- 
70° = 150°. That is, the actual amount of radiation in the rooms 
to be kept at 50° should be multiplied by |J J to ascertain the amount 
of radiation in a 70° room that would give off the same amount of heat. 

It is common practice to allow roughly for the loss of heat from 
uncovered mains, branches, and risers, by adding about 25 per cent to 
the actual direct radiating surface in radiators and coils. 

Example. What should be the capacity of a boiler to supply 
steam to 1,000 square feet of direct radiation in a room to be kept at 
70°, to 800 square feet of indirect radiation; and to 1,500 square feet of 
direct radiation, in rooms to be kept at 50° F.? 
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Direct radiation 1 ,000 sq. ft. 

Equivalent in direct radiation of 800 sq. ft. of 

indirect « 800 X li = 1,200 
Equivalent in direct radiation, in rooms at 70°, of 1,500 sq. ft. 

in rooms at 50° = H X 1,500 - 1,700 

Total equivalent D. R. S. (direct radiating surface) exposed 

in 70° air = 3,900 sq. ft. 
Add 25 per cent of actual surface to allow approxi- 
mately for piping = 825 " " 

Total equivalent D. R. S., or Boiler Rating - 4,725 sq. ft. 

Qrate Surface and Heating Capacity. It is advisable always to 
check the catalogue ratings of boilers as follows, when selecting one 
for a given service: 

Suppose the Direct Radiating Surface, including piping, is 3,000 
s({uare feet. One square foot, it may be assumed, will give off about 
250 heat units in one hour — a heat unit being the amount of heat 
necessary to raise the temperature of 1 pound of water 1 degree Fahren- 
heit. A pound of coal may safely be counted on to give off to the water 
in the boiler 8,000 heat units. Now, 3,000 sq. ft. X[250 heat units 
-^ 8,000 heat units, gives the amount of coal burned per hour; and this, 
ilivided by the square feet of grate, gives the rate of combustion per 
s(iuare foot per hour. Suppose in this c;ise, the grate has an area of 

, , 3000 X 250 ^ ^, , , , * , 

15 sq. ft.; then "ofwTTp^c" ^ ^-^^ pounds coal burned per square foot 

of grate surface per hour. This is not a high rate for boilers of this 
size, though for ordinary house-heating boilers the rate should not 
exceed 5 pounds; and for small heaters having 2 to 4 square feet of 
grate, the rate should be as low as 3 to 4 pounds per square foot* of 
grate per hour. Otherwise, more frequent attention will be required 
than it is convenient to give to the operation of such small boilers. 
This is where depth of fire-box plays an important part, for, with a 
shallow fire, the coal quickly bums through, necessitating frequent 
firing. 

Coal Consumption. For house-heating boilers a fair maximum 
rate of combustion is 5 pounds per square foot of grate per hour. In 
many residences it is the custom to bank the fire at night, when the 
rate will fall to, say, 1 pound. In cold weather, then, one square foot 
of grate would bum 5 pounds of coal for each of 16 hours, and 1 pound 
during each of the remaining 8 hours, a total of 80 + 8 = 88 pounds. 
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In many sections of the country, the average outside temperature dur- 
ing the heating season is about 40°; and since the heat required is 
proportional to the difference in temperature between indoors and 

70° — 40° 
outside, the average coal consumption would be only ^ ^ — ^r^- = f of 

the maximum in zero weather. 

With a heating season of 200 days, the coal burned on one square 
foot of grate would be 200 X f X 88 = 7,()00 pounds in round num- 
bers, corresponding to an average rate througliout the season of 

7,6 00 pounds 
200 days X 24 hrs. = ^'^ P^""^^ approximately. 

A method of approximating the coal consumption for a given 
amount of radiating surface, designed to maintain a constant tem- 
perature in rooms of 70° day and night, would be to multiply the 
surface (which, for example, take at 1,000 square feet, including 
allowance for mains) by 250 heat units — the amount given off by a 
s( juare foot per hour — and then multiply the product by ? , as explain- 
ed above, to allow for average conditions. This gives 1,000 X 2oO 
X 7, which, divided by 8,000 heat units i>er pound of coal, gives the 
weight of coal required per hour; and this, multiplied by the hours 
per season, gives the total consumption. 

Non-Conducting Coverin$i;s. It is customary to cover cast-iron 
sectional boilers with non-conducting material composed as a rule 
chiefly of asbestos or magnesia applied in a coating 1 J to 2 inches thick, 
the exterior being finished hard and smooth. 

Exposed basement piping in first-ckiss work is covered with sec- 
tional covering J inch to 1 inch thick, acamling to the character of 
the work. 

The loss of heat through fairly gocnl coverings, is not far from 
20 per cent of the loss from a bare pipe, which, with low-pressure 
steam, is approximately 2 heat units per square foot per hour for each 
degree difference in temperature between the steam and the surround- 



ing air. 



STEAM RADIATORS AND COILS 

Direct Radiators. The commonest fonns of radiators to-day 
are the cast iron vertical loop varieties, types of which are shown 
in Figs. 2 and 13 in Part I (Heating and Ventilation). These are 
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made up with slip-njpple or screw-nipple connections, the standard 
height being about 36 to 38 inches. 

It b, of course, advisable to use radiators of standani height when 
possible, since they are cheaper than the lower radiators, which must 



Pig. 10. Luw Radiator lo bo Placed Below Wluilow aill. 
be use»l when placed Iwlow windcjw .sills (see Fig. 10). Single-column 
■radiators are more effective than those having a greater number of 
vertical loops, since in the latter the air flow is retarded aiid tlie 
filter loops cut off the nuliatit heat 
from the inner ones. Radiators witli 
four or more trolumns are generally 
u.sed where the length of the .space 
ill which ihcy must be placed is 
Iimite<l. 

Wall ra<liator.s (see Fig. 4, 1'arf 
I, Heating and Ventilation) have 
become ver)' jKtpular be<-aii,se of 
their neat ap[>carancc and the sinall 
uistaiK-e they [troject into the room. 
They are vciy effective heaters, and, 
although more expensive than cer- 
tain other types of cast-iron radia- 
tors, less surface is required, which 
lend^ to offset the increa.sed cost. These radiators are made up in 
such a variety of forms that they can be a<lapted to almost any 
location. 

Concealed Radiators. A favorite method of concealing radiators 
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is to place them below window-sills, with a grating or re^ster face in 
front of and above them, as shown in Pig. 11. By this arrangement, 
the radiant heat is to a great extent cut off. The gratings must have 
ample area to permit thf free circulation of air, and should have not 



Fig. I; 



lUdUior for Use nltbuut OratiDgii. 



less than 2 or 2^ square inclies of free area to each square foot of 
radiating surface, for inlets and outlets respectively. It is advisable 
to increase these allowances slightly when possible. 

The same rule applies to radiators placed below seats. A radis- 



; ^Wall 




^4im^ 



Hook PlaMB. 



Eipatisloti Plates. 



tor designed specially for this purpose, for use without gratings, ia 
shown in Fig. 12. 

Wall Coils. An ordinary wall coil or manifold coil, made up 
generally of l^inch pipe, with branch tees or manifolds, is illustrated 
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in Rg. 39, Part I (Heating and Ventibtion). The long runs of such 
coils rest on hook plates (Fig. 13); the short pipes near the corner, on 
expansion plates (Fig. 14), on which the pipes are free to move when 
the long pipes expand. Such coils are very effective when placed 
below the windows of a factory, in which class of buildings they find 
their widest application. 

Miter Coils. Miter coils, as shown in Fig. 15, are used for over* 




)r Overheftd Heating. 

leating, the coils being suspended about 8 to 

: from the floor, and 3 to 4 feet from the walls. 

d type of hanger is shown in Pig. 16. The 

type of coil, ^hen placed alongside a wall, is 

ni in certain sections as a harp coil (see Fig. 17), 

and may be use<l where long nins must be made along a wall, but 

"blc to install the type of coil shown in Fig. 39, 



where it is iniix 



Part I (Heating and Ventilation), owing to doorways or other ob- 
structions. Two harp coils could be used along a wall, for example, 
avoiding a doontay ; and the expan- 
sion of the pipes would be pro- 
vided for by the short vertical lines. 
Retum-B«id Coils. Return- 
l>cnd coils, known in some parts of 
the country as trombone coils, are 
shown in Fig. 40, Part I (Heating 
and Ventilation). These are suit- 
able only for rather short runs, since 
the steam must pass through the 
several horizontal pipes successively, Hanger. 

and, if the radiating surface is greater than the capacity of the upper 
line of pipe to supply it properly, the steam is condensed before reach- 
ing the lower lines. With the harp or other coils having headers or 
branch tees, sufficient steam can enter to fill all the pipes at once, pass- 
ing through the parallel lines at the same time. 
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Direct<[tidirect Radiators. A direct-indirect radiator is shown 
in Vitt. 18. The air enters through a iouver- 
, ed wall opening with screen. Pro- 

lade to shut this off and admit air 
lusly from the room, making the 
sertially a direct radiator when the 
ohut off. The best location for the 
>ening is probably just below the 
■all boxes being less conspicuous in 

fomis of indirect radiators arc 




shown in Fig, 7, Part I, a id Fi^ 



radiators are commonly cnvere<l 



3, Part II {Heating and Ventila- 
tion), the shallow sections being 
used largely for house heating, 
the deep ones for schoolhouse 
systems. The latter arc provided 
with extra long nipples for spac- 
ing the sections about 4 inches on 
centers, to give a proper passage 
for a large volume of air. 

Indirect Radiators. The in- 
direct radiators are enclosed in 
galvanized-iron casings about 30 
inches deep, giving a space of 6 
or S inches alxive and below the 
radiators. The beams over the 
'ith rough boards, to which tin c 
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tin and asbestos is nailed, tlie casing being flanged at the top and 
screwed or nailed to these boards. 

The casings should he made with comers of a ^pe that will pei^ 
mit the ready removal of the sides in case 
of repairs being needed; and the bottom 
of the casing should be provided with a 
slide for inspection and cleaning. The 
larger sections, when used for schoolhouse 
heating, are arranged as shown in Fig. 19, 
with a mixing damper designed to cause 
a mingling of the warm and cold air in 
the flue, the volume discharged being but 
slightly reduced, with a decrease In tem- 
perature due to opening the damper to 
cold air. The space for the passage of 
air between the shallow sections contain- 
ing about 10 square feet each, is about ^ 
of a foot; the space between the sections 
of the deep pattern is not far from i a 
foot when the sections are properly spaced. 

Heat Given Off by Steam Radiator. '7„J«^o.*Cif "'"n^'ti^ 
Of the heat emitted by direct radiators, withindireciHaduiora. 
approximately one-half is by radiation, the balance by convection or 
the contact of air. Since practically no heat is radiated from con- 
cealed radiators, it b very important that proper provision should be 
made for the passage of an adequate volume of air over the heating 
surface. 

TABLE 1 
Heat Units Emitted from Radiators and Coils 

Raillatlon per square font oF rodlalliiK anrface per lionr.— In momR at Vf V. l«mpFra- 
tiire.— With Hteaia Ht S to S pounds' pres.sure. 

TYP« or ItASUTOEt HiAT DfllTa EMlTTKr 

(Approxlmnir) 

Concealed coitt-iron direct radiators 175-200 

Ordinary cast-iron vertical -set tion radiators 250 

Wall radiators 300 

Pipe coils on walls 32ri 

Pipe coils overhead (pipes side by aide) 350 

Ordinary cast-iron extended-surface indirect radiators (air 

o^nittcd from outdoors) 400 
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Wall radiators and coils give oflF more heat under the same con- 
ditions than is emitted by ordinar}' vertical cast-iron radiators. 

Much might he said regarding the efficiency of radiators due to 
their height, form, and arrangement. For the purposes of this course, 
however, only fair average values will be given, as set forth in Table I, 
a discussion of radiator tests, etc., l)eing omitted to avoid unnecessary 
detail. 

STEAM PIPING 

Size of Main for Circuit System. Since the main of a circuit 
system, as described in Part I (Heating and Ventilation), must carry 
both steam and water of condensation, it should be made considerablv 
larger in proportion to the surface supplied than mains which are drip- 
ped at intervals or which carry only the condensation ftom the main 
itself. 

Sizes, ample for circuit mains of ordinary length, are indicated 
in the accompanying table: 

TABLE II 
Sizes of Circuit Mains 

DiAMBTKU OF CrRCFIT MAIN DiREfT RADIATmO SUBTACB 

2 inches 200 sq. ft. 
2i " 350 '* " 

3 " 000 " '' 
3J " 900 " " 

4 " 1,200 " " 
4i " 1,700 " " 

5 " 2,100 " '* 

6 " 3,000 " " 

Dry Return System. In many cases it is desirable to run tlie 
supply and return mains overhead. Such systems contain less water 
than wet return systems, and are therefore more susceptible to changes 
in the fire, because of the smaller quantity of water in the apparatus. 
The return mains must be made larger than when they are placed 
below the water line, since they are filled with steam, except the space 
occupied by the return water running along the bottom. The pipes 
should have a greater pitch than wet returns. 

With dry returns, if certain supply risers are of inadequate size, 
steam is apt to back up into the radiator through the dry returns and to 
cause a holding-back of the water in the radiators. To prevent this, 
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check valves are sometimes intro<]uc|^ in the branch returns. If the 

piping is properly proportioned, however, this is unnecessary. Siphon 

drips are frequently used, as 

explained in Part I (Heating 

and Ventilation). 

Wet Return Systems. This 

system, illustrated in Fig. 20, 

provides for water sealing all 

returns and drips, and avoids 

the bacldng-up action men- 
tioned above. Suppose, for 

example, the pressure in one of 

the vertical returns is J pound 

less than in the others; then,^ 

since a column of water 2.3 

feet high corresponds to 1 

pound pressure, the water will 

back up this particular return 

about 1.15 feet higher than in 

the others and thus equalize 

the difference in pressure. Where the mains must be long, the wet 

return system affords the opportunity to rise and drip the supply 

main as often as necessary; whereas, with the dry return system, 

the main and return have 
a gradual pitch from start 
to finish. This often 
brings the return so low as 
to interfere with head room. 
With the wet return system 
the return may be dropped 
below the floor line at door- 
ways without interfering 
with the circulation. The 
sizes of wet returns may be 
made considerably smUler 
than dry returns for a given 




Fig. 20. Wet Return System. 
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Fig. 21. Overhead Feed System. 

radiating surface, as shown in Table III. 

Overhead Feed System. The overhead feed system (see Fig. 21) 
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FIr. 22. Outlet Taken from Bottom of Main. 



IS most commonly used in cwnection with exhaust steam plants, 
since in such systems the exhaust pipe from the engines must be car- 
ried to the roof, and the steam supply to the building may conven- 
iently be taken from a tee near the upper end of this pipe. The main 

should be pitched down, and 
outlets taken from the bottom, 
to drain the condensation 
through the risers (see Fig. 
22). With tliis system the 
water of condensation always 
flows in the same direction as 
the steam; hence the horizon- 
tal pipes and the risers may 
be made somewhat smaller 
than in up-feed systems. 

This system has the ad- 
vantage of placing the big 
pipes in the attic, where their 
heating effect is less objectionable than in the basement. As the pipes 
gradually decrease in size from top to bottom, this gives small pipes 
oh the lower floors, which in modem buildings generally contain a few 
large rooms and little space for 
concealing pipes. It is fre- 
quently advisable to combine 
with this system the up-feed 
method of heating the first floor, 
which is generally high-studded 
and requires a large amount of 
radiation. Relieving the down- 
feed system of this load means 
smaller risers throughout the 
building, which, in the modern 
sky-scraper, results in a saving 
that more than offsets the cost of 
the separate up-feed system for the lower floor. Another reason why 
it is advisable to put the lower floor on a separate system, is that the 
steam is (by, whereiis the steam from an overhead system becomes 
pretty wet from condensation by the time it reaches the lower floor. 




O^erHead 



Fig. 23. Siphon Trap. 
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Wet /Return 



Fig. 24. Arrangement to Hise and 
Drip in Mains at Intervals. 



One-Pipe System. The one-pipe up-feed system is most com- 
monly used in connection with relatively small heating plants. Itjias 
the advantage of simplicity, there being but a single valve to operate. 
In tall buildings with the up-feed system, the risers must be objection- 
ably large to provide for the pas- 
sage of steam up, and water of 
condensation down, the same 
pipe. With the overhead sys- 
tem, the risers may be made con- 
siderably smaller, since the water 
is not hindered in its passage by 
a flow of steam in the opposite 
direction. With this one-pipe 
system, the radiator connections 
should be short and pitched 
downward toward the risers to 
avoid pockets. When used in high buildings with the overhead sys- 
tem, the lower portion of the risers must be liberally proportioned, 
otherwise the steam will become too wet. 

The Two-Pipe System. This system is commonly used where the 
radiator connections must be long and where it would be impossible to 

secure a proper pitch to insure 
good drainage with one-pipe ra- 
diator connections. Coils are 
nearly always made up with two- 
pipe connections. In high build- 
ings, where a large amount of 
radiation must be carried by 
each riser, they may be made 
smaller if two-pipe connections 
are made with the radiators. 
This is often a decided advan- 
tage, especially if the risers are to 
be concealed. 

Draining Mains and Risers. With long mains, it frequently is 
the case that if given a continuous pitch they would be too low at the 
extreme ends; and it is therefore customary to rise and drip at intervals, 
as shown in P'igs. 23 and 24. 



Ai'rVafi^e. 




Pig. 25. Arrangement for Prainlng 
with Indirect System. 
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The .siphon trap (Fig. 23) prevents a greater pressure being in- 
troduced along the overhead return than occurs at the extreme end, 
since any excess in pressure at an intermediate point merely forces 
down the water in the inlet leg of the siphon trap to a point where the 

difference in pressure in the two 
"^rr/^^^"*^ mains is equalized by the higher 

level of water maintained in the 
outlet pipe of the syphon trap. 

With indirect systems, the 
mains are frequently drained 
thr9Ugh the benches or stacks of 
radiators, the connections being 
taken from the bottom of the 
main. It is assumed that all the 
indirects will not be shut off at 
the same time (see Fig. 25). 

Mains and risers are com- 
monly drained as shown in Fig. 
20, connections l^ing taken from 
the lx)ttom of the main and the heel of the riser. Risers are not in- 
frequently drained to the main, which in turn is drained at the end 
(see Fig. 26). This arrangement requires less fitting than when the 




F1g#2<l Risers Drained to Main and Main 
Drained at End. 
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Fig. 27. Showing Artificial Water Line. 

risers are relieved at the base, as shown in Fig. 20. If the mains 
are long, they should be dripped at intervals of 50 to 75 feet. 

Overhead-feed mains on a down-fee<l system are nearly always 
dripped from the bottom to the various risers, as previously stated. 

Artificial Water Line. It is sometimes necessary, when a boiler 
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is set verj' low with reference to tlie returns, ftiid it is desiretl to use a 
wet return system, to seal the relief pipes by means i)f an artificial 
water line established as shown in Fig. 27. The equalizing pij* is to 
be connected with a steam main. 

When the discharge from the system leads to an open return, a 
trap must be used. One of 
the type shown in Fig. 28, 
arranged with an equalizing 
pipe and set at the proper 
level, will hold the water 
line in the system, no stand- 
pipe being required. 

Pipe Sizes. — Mains. 
The capacities of pipes to 
supply heating surface in- 
<Tea,se more rapidly than 
their sectional areas; that 
is, a fi-inch pipe, with about 
four times the area of a 3- 
inch pipe, will supply nearly six times as much surface. 

Table III shows the amounts of radiating surface in gravity- 
return systems which main pipes 100 feet long, of different diameters, 
may be safely counted on to supply with low-pressure steam (say, 3 to 
5 lbs.). 

In case the radiating surface- is locateil some distance above the 
water line in the boiler, the carrying capacity of the pipes may he 
increased as much as 50 per cent, owing to the greater drop in pressure 
that may be allowed without interfering with the return of water to the 
boiler. 

Mains are frequently made much larger than necessary, simply 
because the fact has been overlooked that the radiators are located 
well above the boiler, and that a drop in pressure between the boiler 
and the end of the main of J lb., or even more, would be permissible. 

The greater the drop in pressure allowed the smaller may be the 
pipe for a given capacity. 

Pipe Sizes. — One-Pipe R.isers. Riser capacities are given in 
Table IV. 



Fig. as. Water Llns Trail with RqnallKliiK Plpn. 
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TABLE III 

CagMcity of Supply Mains, Gravity Return System, and 

Size of Dry and Wet Returns 

Mains 100 ft. long.— Steam at low pressure (3 to 5 lbs.). 



DIAMBTBR OF SUPPLY 


Capacity in Dirkctt 


DTAMETKR OF 


DIAMBTBR OV 


PIPE 


KAlilATING SUHFACK 


DKY 


BHTURN 


WBT RETURN 


1 


inc'li 


55 sq. 


ft. 


} 


inch 


Jl 


inch 


U 


inches 


115 " 


(( 


1 


tt 


1 


tt 


IJ 


n 


175 " 


it 


1} inches 


u 


inch()s 


2 


it 


325 '' 


tt 


U 


tl 


u 




2i 


it 


570 " 


tt 


2 


tt 


li 




3 


€t 


1,000 '* 


tt 


2i 


tt 


2 




3i 


tl 


1,180 " 


tt 


3 


tt 


2i 




4 


(t 


2,000 " 


it 


3 


tt 


2i 




^ 


<( 


2,770 '' 


tt 


3 


tt 


2i 




5 


<( 


3,500 ** 


tt 


3J-4 


It 


3 




6 


(( 


5,700 " 


tt 


4-5 


tt 


3i-4 




7 


tt 


8,800 " 


ft 


4-5 


It 


4 




8 


it 


12,000 *' 


tt 


4-5 


tt 


4 




10 


U 


20,000 " 


tt 


5-6 


It 


4 




12 


It 


33.000 " 


tt 


5-6 


tt 


4-5 





For lengths greater than 100 ft. and for same drop in pressure as for 100 ft., multiply 
the above figures by 0.8 for 150 ft. ; 0.7 for 200 ft. ; 0.6 for 800 ft. ; 0.5 for 400 ft. ; 0.4 for flOO ft. ; 
aiui 03 for 1 .(KW ft. When the pres.sure at the supply end of the pii)e can be Increased for 
long runs so that the drop in ])rcssiire for each 100 ft. can be the same, then the figures in 
the table can be used for long runs. 

TABLE IV 
Capacities of One-Pipe Risers 



SiZB OF PIPB 


Capacity, 
Up-Fkbd 


Capacity. 
Down-Fbbd 


1 


inch 


30 sq. 


ft. 


60 sq. ft. 


1} inches 


60 " 




110 " " 


U 




120 '* 




160 " " 


2 




200 " 




260 " " 


2i 




300 '* 




400 " " 


3 




450 " 




600 " " 


31 




620 " 




800 " " 


4 




800 " 




1.000 " " 



The capacities of the l*inch and l ^X-int^h pipes for up-feed are somewhat greater than 
those stated; but they are given as above, since these figures correspond closely to stand- 
ard radiator tapping, and It is advisable to make the pipes of the same size as the tapped 
openings. 

In high buildings with the down-feed system, the lower half of the 
risers should be based on not much more than half the capacities stated 
in the right-hand column, in order that the pipes may be of ample size 
to carry off the great amount of condensation from the radiators above, 
without making the steam too wet for use in the radiators below. The 
pipe to the lowest radiator connection should be not less than 2-inch. 
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Pipe Si2es» — ^Two-Pipe Risers. With the two-pipe system, the 
capacity of the risers is of course, considerably greater than with the 
one-pipe system, since the condensation is carried off through a sepa- 
rate system of returns. 

Table V gives the approximate capacities of risers for the two- 
pipe system. 

TABLE V 
Capacities of Two-Pipe Risers 



SizK, Supply 


Capacity, 


Capacity, 


SiKB. UETUBN 


RiSKH 


Up-Fekd System 


Down- Feed System 


KlSEU 


1 


Inch 


50 sq. ft. 


55 sq. ft. 


} hich 


H inches 


100 " " 


115 " " 


1 


U 




150 " " 


175 " " 

• 


1 -IJ inches 


2 




270 " " 


325 " " 


1 -11 " 


2i 




470 " " 


570 " " 


li-H " 


3 




840 " " 


1,000 " " 


U-ii " 


3i 




1,200 " " 


1,480 " " 


li-2 


4 




1,600 " " 


2,000 " '• 


li-2 " 



In buildings over six stories high, with the up-feed system, use 10 per cent less 
Burface than stated in the third column, to allow for the increased length and con- 
densation. 

Pipe Sizes, Indirect. Supply a^nnections with indirect radia- 
tors must be larger for a given surface than for chrect radiators. 
The following tal)le gives ample sizes when the radiators are but 
little above the water line of the boiler. \Vhen this distance is con- 

TABLE VI 
Sizes of 5uppiy Connections for Indirect Radiators 

DlAMKTEll OF PlPB INDIRECT ^^^^^^f^l; SUBrACB 

1 inch 
IJ niches 



li 


«( 


2 


It 


2i 


It 


3 


It 


3i 


It 


4 


It 


4i 


tt 


5 


It 


6 


It 


7 


tt 



40 


S(|. 


ft. 


70 


It 




1(K) 


it 




ISO 


tt 




330 


ft 




GOO 


tt 




900 


tt 




1 ,200 


ti 




1,600 


it 




2,100 


ti 




3,400 


ft 




5,400 


tt 





8 



it 



7.200 



(( tt 



siderable, the pipes may be safely rated to supply one-third more sur- 
face; for a greater drop in pressure may be alloweil between the 
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supply and the return mains, and drop in pressure means a greater 
velocity in the pipes, and consequently a greater flow of steam to the 
radiators. 

Indirect radiators are seldom tapped lai^er than 2 inches; there- 
fore radiators that require larger connections should be subdivided in 
groups. 

STEAM PRESSURES AND TEMPERATURES 

Steam pressures and temperatures have a certain definite relation 
to each other, the temperature increasing with the pressure, but not 
as rapidly for a given increase with high-pressure as with low-pressure 
steam. For example, with an increase in pressure from 10 pounds 
to 20 pounds, the temperature rises about 19° F.; whereas with an 
increase of 10 pounds from 90 to 100 pounds the temperature increases 
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Temperature off Steam at Various Pressures 
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203.1 
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216.3 
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219.4 


12 
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3.3 


222.4 


11 


182.1 




4.3 


225.2 


16 


176.0 




5.3 
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227.9 
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169.4 




10.3 


240.0 


20 


161.5 




20.3 


259.2 


22 


152.3 




30.3 


274.3 


21 


147.9 




40.3 


286.9 


26 


125.6 




50.3 


297.8 


28 


101.4 




60.3 

70.3 

80.3 

90.3 

100.3 

150.3 

200.3 


307.4 
310.0 
323.9 
331.1 
337.8 
365.7 
387.7 



only about 7® F. From atmospheric pressure to 10 pounds' gauge 
pressure, the iucreiuse in temperature is nearly 28° F; a slight difference 
in the pressure in radiators nuikiiig a marked difference in their tem- 
perature. 

In the case of a partial vacuum, so called — expressed generally 
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in inches of mercury — the decrease in temperature as a condition of 
perfect vacuum is approached is very marked, as shown in table 
VII, which gives also steam temperatures corresponding to various 
pressures. The latter are given in each case jV of a pound in 
excess of the gauge pressure, as practically all tables of the proper- 
ties of steam give the absolute pressure — that is, the pressure above 
a vacuum — the absolute pressure corresponding to 5.3 pounds' gauge 
pressure, for example, being 20 pounds absolute. 

The atmospheric pressure at sea-level is practically 14.7 pounds 
absolute, and the boiling point of water is 212^. As the pressure 
decreases, due to altitude or to the removal of air from a vessel by 
artificial means, the boiling point falls. 

EXPANSION 

Amount of Expansion. An allowance of nnrF ^' ^^ ^^^^ per 100 
feet of pipe for each degree rise in temperature, is a fair allowance 
in computing the amount of expansion that will take place in a line 
of pipe. 

One must assume the temperature at which the pipe will be put 
up — ^say anywhere from 0° to 40° in an unfinished building in winter^ 
and, knowing the pressure to be carried, look up in a table of the pro[V 
erties of saturated steam the temperature corresponding. See table 
VII. 

Example. Find the expansion that will take place in a line 100 
feet long put up in 30-(legree weather, when it is filled with steam at 
80 pounds' pressure. The temperature corresponding to 80 pomids' 




Fig. 39. Offset and Swivels. 

Steam pressure is 324°; the increase from 30° is 294°, which multiplied 
^y TTTor gives 2 iVo" inches expansion, or, expressed in decimals, 2.35 
inches. 

In low-pressure work 100 feet of pipe heated from 30° to 230° 
will expand about l.G inches. 
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ProvWIon for Expansion* The expansion of mains can generally 
be provided for by offsets and swivels, as shown in Fig. 29. All that 
is necessary is to have the two vertical nipples placed far enough 
apart, as determined by the length of the horizontal offset, to permit 

the expansion to take place without 
too much turning on the threads. The 
less the turn, the less will be the like* 
lihood of leakage. The shorter the 
offsets, the greater the number that 
must be used. 

A pretty conservative rule would 
be to allow 4 feet of offset to each 

Pig. 30. Swing to Allow for . , - 

Expjuision of Risers. mch of expansion to be taken up on 

the line. In the case of underground work a good deal of the ex- 
pansion can be taken up where pipes enter buildings by the same 
kind of swings as shown in Fig. 29, making them longer and tnus re- 
ducing the number of expansion joints or offsets in the tunnel or duct. 

Expansion of Risers. In providing for the expansion of risers, 
considerable skill must be used, especially in tall buildings. In 
buildings of not over 6 to 8 stories, or possibly 10 floors at the outside, 
if they are not high-studded, the expansion may all be taken up in the 
basement, using swings like those shown in Fig. 30, similar swings 
being used in the attic also if the overhead-feed system is used, the 
connections being taken from the bot- 
tom of the main, as previously stated. 

In higher buildings than those 
mentioned, either slip-pattern expan- 
sion joints or swivels made up of pipe 
and fittings are commonly used. One 
of these to every sLx to eight floors is 
generally considered suflBcient, depend- 
ing on the length and arrangement of 
the radiator connections. One must 
be sure the pipes above and below slip 
joints are in proper alignment; otherwise, binding and leakage will 
occur. If the risers are concealed, such joints must be made accessi- 
ble through proper openings in the walls, as the packing will have to 
be taken up from time to time and replaced. 



Anchor fierB 




Fig. 31. Expansion Joints. 
Nearly Horizontal* 



Offsets 
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Expansion joints made up of pipes are illustrated in Fig. 31. 
Such joints are unsightly if exposed; but they may generally be con- 
cealed either in specially provid- 
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ed pockets in the floor or in 
spaces furred down below the 
ceilings and near the walls. 

When expansion joints are 
used, the risers should be an- 
chored about midway between 
them. These anchors consist 
merely of clamps around the 
pipes fastened to the beams, one 
type being shown in Fig. 32. 

Radiator Connections. Con- 
siderable ingenuity b exhibited 
by good fitters in arranging ra^ 
diator connections. One should 
always study the end sought, and 
then provide the necessary means 
to secure that end. For example, \_ ^ 
on a floor at which the riser is 
anchored, almost any sort of ra- 
diator c*onnection will answer, 
since expansion need not be pro- ^ 
vidcd for. 

Where expansion takes place, 
swivels must be providetl in the 
radiator connections, to allow for same. Fig. 33 shows a convenient 
way of taking off radiator connections from risers, any expansion 



1 1 

1 1 
1 1 



tt 




Plan 

Flj?. 32, Auehor for Riser. 




Fig. 33. Radiator ('ounoctions from Riser. 



being taken up by the turning of the horizontal connection in the 
Parallel nipples. The connection should of course pitch back toward 
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/Riser 



Fig. 34. Arrangement of Swivels when Risers are 
Located on the Same Wall as Radiator. 



the riser, to drain freely. Where the expansion is considerable, this 
is difficult to accomplish unless the radiator is slightly raised. 

When risers must be located along the same wall as that on which 

the radiator is placed, the 
swivels may be arranged 
as shown in Fig. 34. 

Radiators on the 
first floor have their con- 
nections made by angle 
valves with the pipes in 
the basement, to avoid running along the base-board. It is well to 
take the branch to the first-floor j'adiators from riser connections in 
the basement, rather than to cut into the mains for these branches. 
See Fig. 35. 

COMPUTING RADIATION 

Computing Direct Radiation. It is a perfectly simple matter to 
compute the amount of radiation required to heat a room, by finding 
the probable loss of heat per hour, and dividing this by the heat given 
off by a square foot of 
radiating surface in the 
same time. 

Numerous tests have 
shown fhat an ordinary 
cast-iron radiator gives 
off approximately 1.6 
heat units per hour per 
degree difference in tem- 
perature between the 




Supptij main in basement 

Fig. 35. Branch from Riser Connection In Basement. 



steam and the surrounding air. With low-pressure heating a square 
foot of direct radiation is commonly rated at about 250 H. U. Glass 
transmits about 85 heat units per square foot per hour, with 70° inside 
and 0° out; and walls of ordinary thickness may be reckoned as trans- 
mitting one-fourth as much heat. 

The heat losses stated should be increased about 25 per cent for a 
north or west exposure, and about 15 per cent for an easterly exposure. 

An allowance should be nnwle for reheating rooms that are al- 
lowed to cool down slightly at night. This may be done most con- 



840 





320 


sq. 


ft. 




42 


tt 


it 




278 


sq. 


ft. 


'8h-4=. 








Approximately 


70 


sq. 


ft. 




42 


it 


it 



STEAM AND HOT WATER FITTING. 29 

veniently by adding to the loss of heat through walls and glass a num- 
ber of heat units equal to 0.3 of the cubic contents of a room with two 
exposures, and 0.6 the contents of a room with a single exposed wall. 

The way this works out may best be shown by a couple of ex- 
amples: 

Suppose we have a room 16 feet square and 10 feet high, with 
two exposed walls facing respectively north and west, each having a 
window three feet 6 inches by 6 feet. 

Exposure of room - (16 + 16) X 10 - 
Glass surface « 2 X 21 sq. ft. » 

Net wall 
Equivalent glass surface (E. G. S.) of net wall — 278 h- 4 

Actual gl^ss surface « 

Total E. G. S. Approximately 112 sq. ft. 
Heat transmitted - 112 sq. ft. X 85 heat units X 1.25 factor « 11,890 H. U. 
Allowance for reheating «= 0.3 X cubic contents of 2,560 cu. ft. = 768 *' " 

Total heat loss to be made good by direct radiation 12,658 H. U. 

This 12,658 heat units, divided by 250, the amount given off by one square 
foot of radiation in one hour, » 50 sq. ft. approximately, giving a ratio of 1 sq. 
ft. of radiating surface to 53 cubic feet of space. 

Take as a second example a room with one exposure towanl the 
iiixst, the dimensions of the room being 14 by 14 by 10 feet, with one 
window 4 by 6 feet. Proceeding as before, 

Exposure « 196 »{. ft. 

Glaas « _24 " " 

Net wall 172 wj. ft. 
E. G. S. of net wall - i of same - 43 " " 
Add actual glass = 24 " " 

Total E. G. S. 67 sq. ft. 

Heat loss per hour = 67 X 85 X 1.15= 6,549 H. U. 

Add 0.6 the contents to allow for reheating ; 0.6 X 1 ,960 = 1 ,1 76 " '' 

Total heat loss 7,725 H. U. 

This 7,725 heat units -r- 250 => 31 sq. ft. radiation required, giving a ratio 
of 1 to 63 cubic ft. 

The loss of heat through roofs and through ceilings to unheated 
attic spaces above may be allowed for conveniently, and with suffi- 
ciently close approximation to the actual heat loss, by dividing the area 
of the roof by 10, and that of the ceiling by 20, to give the E. G. S. 

In tlie case of a well-constructed plank r(K)f, with paper or other 
material hIka'c that will prevent the leakage of air, the roof area may 
safely be divided by 15 to usc:ertain tlie E. G. S. 



841 



30 STEAM AND HOT WATER FITTING 

It is hardly necessary, as a rule, to allow for the loss of heat 
through a first floor to the basement when the latter is well enclosed 
and contains steam and return mains or is otherwise kept at a 
moderate temperature. 

Computing Direct-Indirect Radiation. The most common meth- 
od of computing the amount of direct-indirect radiation required, 
is to ascertain, in the manner described, the direct radiating surface 
necessary, and add to it approximately 25 per cent; that is, if a direct 
radiator of 100 square feet were found to be necessary to heat a given 
room, a direct-indirect radiator of 125 square feet would be required. 

Computing Indirect Radiation* To compute the amount of in- 
direct radiation necessary to heat a given room, about the simplest 
method to grasp is to compute, first, the direct radiation required, as 
previously explained, and then add 50 per cent to this amount, since it 
happens that, under average conditions of 70° inside and 0° outside, 
practically 1 J times as much surface is required to heat a given space 
with indirect as with direct heating. 

When a stated air supply is required, the loss of heat by ventilation 
must be computed, and a different method followed in ascertaining 
the amount of indirect radiation required. For example, take a 50- 
pupil schoolroom with the common compulsory allowance of 30 cubic 
feet of air per minute per pupil — equal to 1500 cubic feet per minute 
per room. Each cubic foot escaping up the vent flue at 70° S ., when the 
outside temperature is zero, removes from the room 1} heat units; hence 
the total heat loss by ventilation per hour would be GO X 1500 X l\ 
= 112,500 heat units. A standard schoolroom has about 720 square 
feet of exposure, of which not far from 180 square feet is glass, 
leaving a net wall of 540 square feet, which, divided by 4, gives 
135 scjuare feet equivalent glass surface. This, abided to the actual 
glass, gives 315 square feet E. G. S., which, in turn, multiplied by 
85 heat units X a factor of 1.25 for north or west, gives a total heat 
loss by transmission of 33,470 heat units approximately. 

The combined loss of heat by transmission and ventilation 
amounts to 145,970 H. U. 

With the greater air-flow through indirect heaters used in schools, 
the hetit emitted per s(juare foot per hour should exceed somewhat 
the amount given off by indirect radiators in residence work — namely, 
400 II. U. To be on the safe side, allow 430 II. U. The total heat 
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loss from the room, dividefl by this number, gives approximately 300 
square feet jis the surface required. 

DUCTS. FLUES. AND REQISTERS 

Areas of Ducts and Flues. The area of the cold-air connec- 
tions with the benches or stacks of indirect radiators, are generally 
based on 1 to 1 J square inches of area to each square foot of surface 
in the radiators. 

The flues to the first floor should have 1 .^ to 2 square inches area 
to each square foot of surface; those to the second floor, 1 J to 1 J square 
inches; and those to floors above the second, 1 to 1 J square inches per 
square foot of radiation. 

The sides and back of warm-air flues in exposed walls should be 
protected from loss of heat by means of a nonconducting covering, 
preferably J inch thick. 

Flue Velocities. A fair allowance for flue velocities with indirect 
steam heating is 275 feet per minute for the first floor, 375 feet for the 
second, 425 feet for the third, and 475 for the fourth. 

Retisters. The net area of registers should be 10 to 25 per cent 
in excess of the area of the flue with which they are connected. The 
net area of a register is commonly taken as § the gross area; that is, 
a 12 by 15-inch register would have a net area of 120 square inches. 

Registers in shallow flues must either be of the convex pattern, 
or be set out on a moulding to avoid having the body project into the 
flue and cut off a portion of its area. 

Aspirating Heaters and Coils, To cause a more rapid flow of air 
in ventilating flues in mild weather, steam coils or heaters are used. 
These should be placed as far below the top of the vent flue as possible, 
for the higher the column of heated air, the greater the chimney effect. 
The smaller the flue in proportion to the volume of air to be handled, 
the larger should be the heater. If cast-iron indirect radiator^ are 
used, they may be rated to give off about 350 heat units per square foot 
per hour; coils may be rated to give off nearly double that number of 

heat units. 

To illustrate how to compute the size of coil to be used, assume 
for example that 1,500 cubic feet per minute are to be removed 
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through a ventilating flue, the air to be raised 10° in temperature. 
Then 



1,500 cu. ft. per min. X GO min. por hour X 10° rise in temp. 



= 25. + sq. 



55 heat units X 650 heat units per hour per sq. ft. of coil 
ft. of coil required. 

(The number 55 is the number of cubic feet of air at 70° that 1 heat 
unit wUl raise 1° F.) 

In ortler to work out important problems of this nature, it is 
necessary to consult a table giving flue velocities for different heights 

and for excesses of temperature of air 
in the flue over that out of doors. 
From such a table, knowing the height 
of the flue, its size, and the volume of 
air to be moved, it is readily seen how 
many d^rees the air must be heated. 
The size of coil is then detennined as 
above. The arrangement of an aspi- 
.rating heater in a flue is shown in 
Fig. 36. 

EXHAUST-STEAM HEATING 

Buildings having their own power 
and lighting plant should be heated 
by exhaust steam, about 90 per cent of 
the steam that passes through the en- 
gines and pumps being available for this purpose. 

A portion of this steam is used for heating the feed-water to the 
boilers. In a properly arranged system, very little fresh water need 
be supplied,, since the condensation from the radiators, properly pu- 
rified, is returned to the boilers. 

To accomplish this purification, and to rid the steam of oil in 
order to prevent its coating the pipes and radiators, the steam is passed 
through a separator attached to the heater when all the steam is al- 
lowed to enter it, or through an independent separator when only a 
portion of the steam passes through the feed-water heater. Only 
about one-sixth of the exhaust steam in a given plant is required to 
heat the feed-water that must be suppUed to the boilers to take the 
place of the steam used in the engines, therefore all the exhaust need 




Fig. 36. Aspirating Regulator 
in Flue. 
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not enter the heater for the purpose of keeping up the proper tempera- 
ture of the feed-water. 

A typeof heater with a coke fitter is shown in Fig. 37; while Figs. 
3S and 39 show two methods of making connections, the first when all 



the steam is allowed to pass through the heater, the latter when only a 
portion of the exhaust from the engines is allowed to enter. , 

A very essential appliance used with exhaust-steam heating is the 
pressuTe^educing valve, which makes good with live steam any de- 



tl STF.AM AND HOT WATER FITTING 



(it-ieiii V ill (■\liiiu->t iliat may <i<-<'ur. lly atlju-^iiiig tlie wei^t, any 
ilr-.ir«l iiri-,--iire, wiiliin limit,-, m:iy lie <.liiiiin«l- 
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A hack-pTennnre vahf must \*e used with exhaust-steam heating, 
lo ref^ilule the pressure to lie carrieil. It ulsji act-s as a safety-valve 
in case uf uver-pressure frtiin any cause. 
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Heating systems are siimetimes arrangeil by bringing to them live 
steam to be reduced in the Iniililiiig to any desired pressure hv a reduc- 
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ing valve. In such cases there is no back-pressure valve; therefore a 
safety-valve should be placed on the main to act in case of troifcle with 
the reducing valve and prevent too great a pressure on the radiators. 

A by-pass should be used in connection with all pressure-reducing 
valves, to provide for overhauling them. A steam gauge connected 
not less than 6 feet from the 
valve on the low pressure side is 
a necessary attachment. 

With exhaust-steam heating, 
an exhaust head should be placed 
at the top of the vertical exhaust 
main, to condense, as far as pos- 
sible, the steam passing through it. 

The drip pipe from the ex- 
haust should be connected with 
the drip tank; or, if the exhaust 
has been passed through a first- 
class separator, it may, if desired, 
be returne<l to the feed-water 
heater. 

When a closed type feed- 
water heater is used (see Fig. 40), 
a separate tank must be provided 
for the returns from the heating 
systems. High-pressure drips 
are trapped to this tank. In the 
case of the heater shown in Fig. 
37, the live-steam returns are 
trapped to it. A common type 
of trap is shown in section in 
Fig. 41. In the position shown, 

the float or bucket hinge<l as ^^^•^' closed Type Feed water Heater. 

shown, is held up by the buoyancy of the water, and keeps the valve 
at the upper end of the spindle in contact with the seat, preventing 
the escape of steam entering with the water through the inlet. The 
water, rising around the bucket, overflows it and overcomes its buoy- 
ancy, causing it to fall and open the valve, the steam pressure on the 
water then forcing it out of the bucket until a point is reached where 
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tlie huoyanty t»f llie Imcket again comes into pltxy and doses t!ie valve 
until the action is again repeated. 

An extremely simple fonn of float trap is shown in Fig, 42, the 



J Outlet 




[/met 



Outlet 

Fig. 11. Comoiou Type of Trap. Fig. <2. Float Trfip. 

hollow float raising the spindle and valve, permitting water to escape, 
but falling aint thii.s clo.sing the outlet when the water level reaches a 
point too low to cause the ball to float, thus preventing the escape of 
steam. 

Special forms of traps known as relum traps are used in small 




FlR. 13. Dlmensinne<i Sketchp'; fnr Cuttlog Pipe. 

plants for returning to the boiler the ct>ndensation from the heating 
system. 

MODIFIED SYSTEMS OF STEAM HEATINQ 
It is beyond die .■^cope of this course to go into the details of ihe 
various modifletl or patente<l systems of steam circulation, yet it seems 
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advisable to point out the essential features of certain of these systems. 
The Webster and Paul Systems will be found described in Part III of 
the Instruction Paper on Heating and Ventilation. 

Theraiograde Syst«n. With this two-pipe system air valves 



are omitted; the 
is of a special con- 
admit quantities of 
tions — to fill the ra^ 
steam. On the re- 
placed a so-called 
the escape of air 






supply valve on each radiator 
struction designed to be set to 
steam under different condi- 
diator J, J, f , or entirely full of 
turn end of each radiator is 
aiUo-valve, designed to permit 
and water into a return pipe 
open to the atmosphere at 
the top. In the case of large 
buildings the water flows by 
gravity to a tank, from which 
it is pumped to the boilers. 





Fig. 44. Hanger. 



Pig. 45. Adjustable pig. 46* Sleeve for Encasing Pipe. 
Hanger for Large Pipe. 



Some of the advantages claimed for this system are: — Absence of 
air-valves and air-lines; control of the heat emitted, by means of the 
special controlling valve at the supply end of each radiator. The pip- 
ing is the same as for ordinary gravity systems. 

Vaipor Syst^n. This system is designed, as its name implies 
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to work on a verj' low pressure. The ratliatora, preferably of the hot- 
w&ter type, must have consiilerably more surface than with low-pres- 
sure steam heating. A special valve is placed at the supply end of each 
radiator, designefl to a<lmit any desired volume of steam. 

— A little trap or water-seal fitting is 

connected with the return end of each 
radiator, a small hole being provided 
alK»ve tlie water line to permit the escape 
of air. All returns are joined in the 
bii.sement and discharge to an open water 
column ahmgside the boiler, any steam in 
the returns being condensed by passing 
into a coil provide*! for the purpose. 

No safety valve is 
■■ required with this sys- 

In case of an ex- 



Plg. (I. Globe Valve. 

cess of pressure in the 
Iwiler, the water is back- 
ed out into the column ] 
above mentioned; a float 
is raised ; aixl dampers pig. ts. 
are closed. 

The advantages claimed are: — ^Com- 
plete control of the heat given off by the 
radiators by means of the special regulat- 
ing valve on each; absolute safety; small 
pipes; absence of air-valves. 

Mercury Seal Vacuum Systems. In 
one of these systems, commonly used ^^^"^ irop Body oi.be vaive. 
with gravity-return apparatus, air-valves similar to those shown in 
Fig. 55 are placed on the radiators, and the air-linea connectal 
with a main line discharging through a mercury seal or column, the 
function of which is to seal the end of the pipe and prevent the en- 
trance of air after the air from tlie system has been expelled by 
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raising the steam pressure. In another mercury seal ^'stem, iui>- 
valves are omitted and "retanlers" — so called — are placed at the 
return ei:ds of radiators. 

With a tight job of piping when the air in the system has once 
been got rid of, the plant may be run 
for some tim^^-or until air leaks in 
again — at a pressure less than the at- 
mosphere and with radiators at tem- 
peratures corresponding to those of 
hot-water radiators. 

Among the claims made for this 
system are: — Wide range of tempera- 
ture in the radiators, secured by vat^- 



Plg. BO. Eadlator Angle Valve. 





Flg'SS. Radiator OBbet Valve. Flg.S]. RadlalOrStralghlvray Vaivu 

ing the d^ree of vacuum ; the advantage of a hot-water heating sys- 
tem without large radiators, since steam under pressure can be car- 
ried in the radiators in cold weather. 

PIPE AND FITTINGS 

Pipe. Pipe for heating systems should be made of wrought iron 
or mild steel. Sizes up to \\ inches diameter Inclusive, are butt- 
welded and proved to 300 poun<!s' pressure; above that size they 
are lap-welded and tested to 500 pounds' pressure. 
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Pipe is shipped in lengths of 16 to 20 feet, threaded on both 
ends and fitted with a coupling at one end. 

It is well, as a rule, to have pipes 2^ inches in diameter and larger 
cut in the shop from sketches. These should give the distances from 
end to center, or center to center, and should state the size and kind 
of valves, whether flanged or screwed fittings are to be used, and in a 
general way should follow Fig. 43. 

The dimensions of standard pipe are given in Table VIII. 

NOTES ON WROUQHT-IRON PIPE 

(Furnished by the Crane Company, Chicago, 111.) 

Wrought-Iron Pipe: — ^This term is now used indiscriminately to desig- 
nate all butt- or lap-welded pipe, whether made of iron or steel. 

Me i{ CHANT Pipe: — ^This term is uscid to indicate the regular wrought pi|>e 
of the market, and such orders are usually filled by the shipment of soft steel 
\npo,. The weight of merchant pipe will usually be found to be about five p<»r 
cent U^s than card weight, in sizes i-inch to 6-inch, inclusive; and about ten 
per cent less than card weight, in sizes 7-inch to 12-inch, inclusive. 

Full-Weight Pipe: — ^This term is used where pipe is required of about 
card weight. All such pipe is made from plates which are expected to produce 
pipe of card weight; and most of such pipa will run full card to a little above 
card, but, owing to exigencies of manufacture, some lengths may be below 
card, but never more than five per cent. 

Large O. D. Pipe: — A term used to designate all pipe larger than 12- 
inch. Pipe 12-inch and smaller Ls known by the nominal internal diameter, 
but all larger sizes by their external (outside) diameter, so that "14-inch pipe/* 
if I inch thick, is 13^-inch inside, and "20-inch pipe" of same thickness ia 
19J-inch inside. 

The tenns "Merchant," or 'Standard pip<%" are not applicable to ''Large 
O. D. pipe," as these are mad;^ in various weights, and should properly bo 
ordered by the thickness of the metal. 

When ordering large pipe threaded, it must be remembered that J-inch 
metal is too liglit to thread, -j'^-inch being minimum thickness. 

Orders for large outside diameter pipe, wherein the thickness of metal is 
not specified, are filled as follows : 

Fourteen, fifteen, and sixteen inch, 0. D., I'^e-inch or |-inch metal. 

Larger sizes, j-inch metal. 

This pipe is shipped with plain ends, unless definitely ordered "threaded." 

Extra Strong Pipe: — This term designates a heavy pipe, from J-inch 
to 8-inch only, made of either puddled wrought iron or soft steel. Unless 
directed to the contrary, stcvl pipe is usually shipped. If wrought-iron pi|)c 
is rcciuircd, use the term, ''Strictly Wrought-Iron Extra Strong Pipe." Extra 
strong \)i\yo, is alwaj's shipped with plain ends and without couplings, unless in- 
structions are received to thread and couple, for which there is an extra charge. 

This term, when applied to pipe larger than 8-inch, is somewhat indefi- 
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9-, 10-, and 12-inch ia made both {, and J inch thick. Pipes i inch 




Double Extra Strong Pipe;— This pipe ia approximately twice as 
heavy as extra strong, and is made from j to 8 inches, iiv both iron and steel. 
It ia difficult, however, to find dny quantity in "Strietly Wrought-Iron," and 
the stock carried ia usually soft at^^l. ThLt pipe is shippMi with plain ends, 
without couplings, unless ordered to tiiread and oouple, lor which there is an 
extra charge. 

Fittings. For low-pressure heating systems, standard weight 
cast-iron screwed fittings are used on pipes up to 7 inclies or S inches 
diameter. On larger pipes it is customary to use standard flanged fit- 
tings. Flange unions should be placeil at inter- 
vals in (he pipes when screwed fittings are usetl, 
to provide for readily disconnecting them in case 
of alterations or repairs. 

Pipe grease or various 
compounds are used in "mak- 
ing up" the joints. This ma- 
a,\— /JJ terial should be applietl to the 
r male threads only. When 

— the threads of the fittings are 

Pig. ss. Radiator coated with it, as is commonly ^f- W- ^wing check 
done, the compound is pushed 
into the fitting when the pipe is screwed in, and, becoming disen- 
gaged, is likely to cause trouble later by clogging pipes, etc. For 
flange fittings it is ihe practice with many fit- 
ters to use inside gaskets, 
so called, cut to come just 
inside the bolts. 

To describe a tee, al- 
ways give the dimensions 
of the "run" first and the 
outlet last; for example, a 
tee 6 inches at one end, 5 
inches at the other, with an 
outlet at the side SJ inches, 
would l>e known as a C by 

Flg.56. AlrV»lvo. 5 |,y 3J jee. Flg-B*. Air V»lv«. 

A tee with the outlet larger than the openings on the run, is known 
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«s a buUkcad tee. Tees with all three openings of the same size are 
kiiovn as straight tees. 

It 13 far better to use reducing sockets or -educing elbows iiud 
tees, in place of straight tees with bushings. 

Hangers. Pipes up to 4 inches diameter inclusive are conunonly 
suspended by malleable-iron hang- 
ers, one type of which is shown in 
Fig. 44, with a gimlet point on the 
nxl, a beam clamp being substituted 





Flat Jivw vise. 



when I-lieanis arc u.sed in place 
of Avar timbers. One form of 
adjustable hanger for lai^ pipes 
is shown in Fig. 45. 

Sleeves, etc. 'Where pipes 
pass through floors and parti- 



Flg. W. Pipe Vise. 

lions, they are encased in tubes 
with plates at floor and ceiling or 
at walls, as the case may be. 
One type of these sleeves is 

, ■ Ti- ./. FiB-fiB. Cum Ijlnailou Vise. 

shown in rig, 40. 

Where branches from risers pass through partitions, it is often 
necessary to use sleeves of elliptical shape to provide for tlie expansion 
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of the risers. Sleeves for mains passing through basement walls are 
generally made of pieces of wrought-iron pipe of the proper length, 
the diameter of the sleeves to be not less than ^ inch greater than the 

pipe diameter if covering is 
omitted in walls, and 2J inches 
greater if covering is continuous 
along the pipe. 

Fig. 00. Pipe cutter. yf^^^ ^j^^^ ^^^ pj^^^ j^ 

plastered walls, they should project a slight distance beyond the face 
of the plaster. When ceiling plates are made fast to risers, they 
should be placed at least f inch down from the ceiUngs, so that, 
when the riser expands, the ceil- 
ing plate wiil not be forced into 
the plaster. 

Valves. Valves for base- 
ment piping are commonly globe ^^'^'' ^'i^^^^'^^- 
or gate pattern, with rough l)odies and plain iron wheels (Figs. 47 
and 4iS). Brass or composition Ixxly valves, with screwed tops, are 
generally used up to 2-inch size inclusive; and iron body valves, with 

bolted tops, above that size (see 
Figs. 48 and 49). Both are made 
with renewable discs or seats. 

It is largely a matter of pref- 
erence which type of valve shall 
be used, though of course the 
straightway gate valves interpose 





the least resistance to the flow of 
steam or water. 

When the radiators are but 
little above the water line in the 
boiler, gate valves are frecjuently 
used on the returns to insure an 
easy flow of the water- 
It seems hardly necessarj' to 
point out that a globe valve should be connected in the pipe with its 
stem horizontal, to avoid the water pocket which occurs when the 
stem is vertical ; nevertheless fitters frequently overlook this point. 
Several patterns of radiator valves are shown in Figs. 50, 51, 



Fig. 62. Solid Die. 
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52, and 53. These valves are of brass or composition, rough body 
nickel-plated, have wood wheels, and are provided with a union. The 
angle valves are commonly used on first-floor radiators, those on floors 



I 




] 



Fig. 63. Stock for Solid Dies. 

above having oflFset or corner offset, offset globe, or straightway gate 
valves, according to the type of radiator and the arrangement of con- 
nections to provide for expansion. 

In public buildings, the wheels are often omitted and lock-shields 
substituted, the valves being operated by a key. 

A swinging-check valve is shown in Fig. 54. This type, if prop- 




I 



E 






Fig. (M. Adjustable Die and Stock. 

erly designed, works the easiest of any, and should be used in prefer- 
ence to other types when radiators are placed but little above th 
water line in the boiler. 

Alr-Valves. Numerous patterns of air-valves are on the mar^ 
some, like Fig. 55, in a general way, being fitted with a union for 
line connections leading to a convenient point of discharge in the 
ment. Such valves prevent the escape of steam, because of ^ 
pansion of the composition pVig, which closes the opening whe 
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comes ill contact with it. Air and cold water, however, are permitted 
to escape. 

The general type of air-valve shown In Fig, 56 is frequently used, 
many modifications of this valve having been manufactured. These 



Fig. 86. AdJuitabloDlo ana Stock. 

valves, as a rule, have no air-linc connections, l)Ut di.scharge their air 
into the rooms: a somewhat objectionable feature. They close when 
steam enters them; and if water finds its way in, the float is raised and 
closes the outlet. 

Air-valves for direct radiators have a very small opening for the 



yig. 69. Hand Power Pipe Machine. Fig. 97, Bell Power Pipe HMhIne. 

discharge of air, scarcely larger than a pin-hole; and while these do 
"ery well for small units, they are not satisfactory for lai^ coils or for 
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liii^e f;r»Hips iif imiirect nullators, hcfiiuse of the excessive time re- 
quired to relieve tliem from air. For such lieatiiig surfaces, a type of 
air-valve with a much lai^er opening should be selected, to provide 
for venting the radiators or coils more quickly. 

Several types of vacuum air-valves have been invented, designed 
to permit the escape of air from the radiators, but to prevent its re- 
entry. If thej' remain tight, the steam heating system may be run in 
mild weather with a pres- 
sure below that of the at- 
matphere, and the railiator 
kept at, a temperature be- 
low 2(¥.T. 

Pipe-Fitting Tools.— 
Vise and Bench. When a 
job is started, the first 
things needed are vise and 
bench. The latter should 
be firmly constructed, and 
rigidly held in place, the 
viae to be firmly secured to 
it by through bolts. 

On a good-sized piece 
of work, it is well to have 
both a pipe vise and a flat- 
jaw viae, these being illus- 
trated in Figs. 57 and .58. 

A heavy cover should be • ^'b**"' H»n.iPo«-.rPii»-M,u-i,ino. 
furnished over tlie screw of the flat-jaw vise, to provide a bearing 
for bending pipe, the end of which is passed through a ring bolte<l 
to the bench. 

Fig. 59 illustrates a combination of the two vises shown in Figs. 
.'j7 and 58, making a veiy u.seful tool. 

Pipe Cutters. There are several kinds of pipe cutters on the 
market, made with one or more cutting wheels held in a frame. All 
makes of cutters are operated in practically the same way, by forcing 
the cutting wheels into the pipe by means of a screw handle. One- and 
three-wheel cutters are shown in Figs. 60 and 61. The one-wheel 
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cutters are made in sizes for J-inch to S-indi pii>e; and the *hree- 
wlieel cutters, for J-inch to S-inch pipe. 

Stocks and Dies. The several forms of dies and stocks on the 
market may be divided into 
two classes — the solid die and 
the adjustable die. llie solid 
die is shown in Fig. 62, and is 
used for cutting both right- 
hand and left-hand threads. 
- The stock in which solid dies 
are used is shown in Fig. 63. 
Adjustable dies and stocks are 
shown in Figs. 64 and 65. 
These dies may be adjusted to 
cut a deep or a shallow thread. 
It is necessary at times to cut 
such threads, as the fittings 
made by different manufac- 
turers are not always tapped 
alike. To make good joints, 
the threads must make up 
tight when they are screwed 
into the fitting. 

Table IX shows the ap- 
proximate distance pipes. ijiust be screwed into fittings to make a 
tiglit joint. 

TABLE IX 
Proper Distance to Screw Pipes Into Bttlngs 



Fig. es b. Hand Power Pipe Miiclilne. 
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In all forms of stocks, whether for solid or adjustable dies, a 
bushing or guide must be used in the stocks to guide the dies straight 
onto the pipe. It is necessary 
that the guides for the different C/'^^r\ — 
sizes of pipe should fit each size 
of pipe as closely as will allow ^«'^' p»p« Tongs. 

the guide to revolve on the pipe freely. The guides should fit the 
stock as tightly as possible, or a crooked thread will very likely be cut. 

Plenty of good lard oil or cotton- 
seed oil should be used when cut- 
ting pipe. The dies must be 
sharp, to make good joints; and 
when they are changed in the 
stocks from one size to another, 
all chips of iron and dirt should be cleaned off the dies and out of the 
stocks, as a small chip under dies, especially under one of a set of ad- 
justable dies, will either 
cut a crooked thread or ^ 




Fig. 70. Adjustable Pipe Tongs. 




stnp it. 

Stocks are made in ^*«- ''• ^^^^^"^ '^^"«^- 

sizes from J inch to 4 inches. The small-size stocks and dies com- 
monly carried in pipe-fitters' kits are made to thread pipe from ^ inch 
to 1 inch inclusive, right-and left-hand; and a larger size to threat) 
pipe from 1 inch to 2 inches inclusive, right- and left-hand. A larger- 
size stock is used to cut pipes over 2 inches in diameter. 

There are a number of hand-power pipe machines on the market, 




Fig. 72. Chain Tongs. 

which are very convenient especially for cutting and threading pipe 
*2J^ inches and over. Several makes are shown in Figs. 6G, and 
68 a and 68 b. 

Pipe Tongs. Plain tongs, like all other tools, must be kept sharp 
and in good order, to do good work. Many fitters object to tongs 
because they have to be sharpened very often, and also because they 
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Pig. 74. Pipe Wrench. 



have to curry at least one pair of tongs for each size of pipe; they prefer 
an adjustable wrench which will fit several diflferent sizes of pipe. 

There is one advantage 
in the tongs; that is, they 
can be worked in places 
where it would be im« 

Fig. 73. Pipe wrench. p^^^jy^ ^^ ^^^ ^ ^^^^^^ 

such as making up pipe in coils, close comers, etc. Tongs should be 
made in such a way that when they are on the pipe, the liandles will 
come close enough together to al- 
low them to be gripped in one 
hand (see Fig. 69). 

Adjustable tongs (Fig. 70) 
are made to fit several sizes of 
pipe, the most common sizes used being for |-inch to 1-inch to 2-inchi 
and for 2i-inch to 4-inch. 

Chain tongs are 
made in all sizes and in 
several forms for from 1- 
inch up to IG'inch pipe. 

Fig. 75. Wrench for Brass or Nlckle-Plated Pipe. g^j^^^ makers fumish 

tongs with the handle and jaws in one piece. Others have the jaws 
removable. Still others have the jaws so arranged that they can be 
removed and reversed. 
See Figs. 71 and 72, 

Pipe Wrenches. Sev- 
eral types of adjustable 
wrenches are shown in 

Figs. 73 and 74. These ^^^'^ wrench for Brass or Nlckle-Platcd pipe. 

wrenches will do good work if used as Wi^enches on the size pipe they 
are intended for. Some men who have little regard for tools use on a 

2-inch pipe, for example, a 
wTench which is made to take, 
say, not over 1-inch pipe, the jaw 
of the wrench being extended aa 
Fig. 77. Monkey w rehch. f^r as possible, and probably be- 

ing held by only a few threads of the adjusting screw, a piece of pip>^ 
2 or 3 feet long often being used on the handle of ♦he wrench to 
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start tlie tap, wliirh should never he hammered in order to start the 
threads. 

Fig. 88 shows a comhined drill, reamer, and tap. Fig. 89 shows 
a pipe reamer for taking the burr from the ends of pipes. 






Fig. 83. Common Pliers. Fig. 84. Adjustable Pliers. 

A ratchet drill is illustrated in Fig. 90 and a breast drill in Fig. 91. 

Fig. 92 shows a handy tool for drilling pipe flanges which from any 

cause cannot be drilled in the shop. 

Figs. 93, 94, 95, and 96 show cold, 

cape, diamoTid pointy and round-nose 

chisels respectively. 
Fig. 85. Pipe Drill. ^ ^^^j pattern pean hammer is shown 

in Fig. 97 a; and a brick hammer is represented by Fig. 97 b. 

Miscellaneous. . Every fitter's kit should contain inside and out- 
side c&lipers; a good set of bits J-inch to 1-inch; bit stock; avgers 1}- 
inch to 2-inch ; saws ; files ; plumb-bob ; gimlet ; lamp ; oil can ; steel square ; 
tape measure; etc. 

HOT- WATER HEATING 

Heaters. Hot-water heaters — or "boilers," as they are some- 
times miscalled — are so nearly like the cast-iron steam boilers pre- 
viously illustrated, that it is unnecessary further to describe them here. 

Some makers use the same patterns for both steam boilers and 
hot-water heaters, while 
others use a higher boiler 
for steam, giving more 
space above the water line. 

Practically the same 
rules should be followed in Fig. 86. pipe Tap. 

selecting a hot-water heater as those laid down for steam boilers. 
Although a hot-water heater is a trifle more efficient than a steam 
boiler — that is, more of the heat in the coal is transferred to the 
water, owing to the temperature of the latter being 40 degrees or 
more lower than in a steam boiler — ^nevertheless, practically the 
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same size of hot-water lieater or steam Ix^iler is re 
given space. 

It is well to equip the heater with a regulator, of 
of good ones are manufactured, 
in order to control the drafts 
by variations in the tempera- 
ture of the water, the regula- 
tor being set to maintain any 
desired temperature in the 
flow pipe. 

Capacity of Heaters. Hot-water heater capaciti 

a rule, on a 
temperatuK 
radiators, ^ 
rooms to Ix 
If the 
iem is use 

temperatures may be 220° to 230° or more; hence, 
is to be given to the manufacturers' heater rating, th« 
be reduced to the equivalent radiation in heat-emit 
radiators at 160°. 

This is very easily computed, since the heat given • 
is proportional to the difference in 
temperature between the water in the 
radiator and the air surrounding it. 
This, in the first case, is 160° less 70°, 




Fig. 88. Combined Drill, Reamer and Tap. 




J 



Fig. 89. Pipe Reamer for Taking the 
Burr from Ends of Pipe. 




Fig. 90. Rii 



or 90°; and in the other case, say, 225° less 70°, or lb 
foot of radiating surface at 226° will give off V(r ^^ 
off at 160°; therefore, a job with 900 square feet, for ex: 
would be equivalent in heating power to Vo~ X 900 
feet at 160°, and a boiler with the higher rating woul 
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It is always well tn clieck the boiler rating as explainol im<ler 

"Steam Heating," except that in hot-water heating only 150 heat units 

are allowed per hour per 

scjuare foot of radiating 

surface. 

Of the heat given off 
by the coal, it is safe to as- 
C2IZ. Slime that 8000 heat unita 

per pound are transferred 
to the water in the heater. 
Suppose there are 900 
square feet of radiation on 
the job. Add J to cover 
the loss of heat from pipes; 
total - 1200 square feet. 
Assume that in coldest 
weather 5 pounds of coal 
Figi.1. nr.:.stDrtu. ^^ bumcd per hour on 
each square foot of grate; that is, 5 X 8000 ■= 40,000 
heat units are transferred to the water in the heater. 
The heat given off per hour by the radiators and 
pipes is 1200 X ir»0 - 180,000 heat units. This, di- 
vided by 40,000, the heat utilized per square foot of 
grate, equals 4i square feet of grate required. 

Some judgment is necessary in assuming the 
rate of combustion; but this varies from about 3 pounds per square 
foot of grate per hour in small heaters, to 7 or 8 in larger ones, 
operated by a regular ullenilant. 

HOT-WATER RADIATORS AND VALVES 

Hot-water radiators have top and bottom nipple connections, as 
shown in Fig. 31, Part II {Heating and Ventilation). A hot-water 



Pig. W. Tool tor 
Drilling Pipe 

Flanges. 
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radiator may be used for .steam, but a steam radiator cannot be used 
for hot water. The valve may be placed at the top or the bottom — it 
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matters little which; it is, however, more conven 
unsightly, at the top. The circulation will be pract 
the valve is located at the bottom. One valve is a 




Fig. 94. Cape Clilael. 



and this may best be of the quick-opening patti 
being all that is necessary to open or close it (se 
Part II, Heating and Ventilation). 




Fig. 06. Diamond-Foint Chisel. 



A union elbow is generally connected with tl 

radiator (see Fig. 46, Part II, Heating and Ventili 

Key^patiem air-valves are more frequently ad 




Fig. 00. Roand-Nose Chisel. 



heating than are any types of automatic valves. T 
be-operated often; hence the popularity of the simj 
cocks Hke those shown by Fig. 98.. 





Fig. 07 a, Pean Hammer. Fig. 07 b. Hi 

Direct-indirect hot-water radiators are seldo 
the danger from freezing in case they are thoughtlci 
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Indirect radiators should be of a deep pattern — say, 10 to 12 

inches, or even more for use 
with outdoor air in a severe 
climate. These radiators give 
off far less heat per square foot 
than is emitted by steam radia- 
tors; hence they should be deep- 
er, to bring the air up to proper 
temperature. 




Fig. 98. Air Cock. 



HOT-WATER PIPING 

Heater Connections. Where only one heater is used, the con- 
nections are practically the same as for steam heating, except that no 
check-valves are used. 

Where two boilers are to be connected and arranged to be run 
independently or together, valves must be inserted somewhat as shown 

Main Return 





Safetjj 



Valve 



Main riov</ Pipe 




Fig. 09. Arrangement of Valves for Two Boilers whicb are to Ron 

Independently or Together. 

by the plan view represented in Fig. 99. It is important that safe^- 
valves be used with this arrangement, as, in case one boiler is shut 
down and then fired up without opening the stop-valves, the pressure 
due to the expanding water will burst the heater. 

Single-Main System, The single-main system, arranged some- 
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what like the circuit system in steam heating, is sometimes employed 
for hot-water heating. Fig. 100 shows the arrangement of this sys- 
tem. The supply branches are taken from the top of the main, where 
the water is hottest; and the 
returns are connected at the 
side, the cooler water pass- 
ing along the lower portion 
of the pipe back to the 
heater. On systems of con- 
siderable size, this arrange- 
ment of piping causes the 
water in the supply main to 
cool more rapidly as the dis- 
ance from the heater increases than in systems where the supply and 
return water are kept separate. . 

Two-Pipe Up-Feed System. With the two-pipe up-feed system, 
the pipes should be pitched up from the boiler 1 inch in 10 feet, if 
possible. Pockets in which air can collect must be avoided, as air 
will cut off the flow as much as a solid substance in the pipe would do. 

In the basement, the branches near the boiler should be taken 
from the side of the flow main, in order to favor the branches farther 




Fig. 100. Single Main System. 




fS! Fioor /^diator 



Fig. 101. Two-Pipe Up-Feed System. 

away, which should be taken from the top of the main. First-floor 
radiators should be given the preference, as to ease of flow in their 
connections, over riser connections with the floors above. If p()ssil)le, 
fee<l the la.st (irst-floor radiator on a line before branching to riser. 
Fig. 101 illustrates the above points. 
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Keep the mains near the ends of long runs ample in size, even if 
somewhat larger than stated in the table, if runs are long and crooked. 
No chances should be taken in r^ard to insuring the proper circulation 
of water in the system. Use no horizontal pipe smaller than l^inch. 

Return mains pitch in the same direction as the flow pipes, and 



flow fnltt 
Fig. in. CODnecUous for Retom MatuB. Fig. 103. DIstribuilDg Fllttng. 

are generally paired with them, the connections being made on the 
side as shown in Fig, 102, or at an angle of 45 degrees. 

The risers should be arranged to favor the radiators on the lower 
floors, since the water tends to rise and pass by the lower radiators. 
Distributing 6ttings, as shown in 
Fig. 103, are often used for this 
■ purpose, or the pipes may be ar- 
rangeii as shown in Fig. 104, 
Some labor is saved by the use 
of the si>ecial fittings describe^!. 
Ov«r he ad-Feed System. 
Where attic space is available, 
the overhead- feed system pre- 
sents certain advantages over the 
Fig. .04. Arri..g«me«.o, Pipe.. two-pipe up-fecd method of pip- 

ing. In residences, single risers are used, these serving for t>oth 
supply and return, the water entering the top of the radiator and 
flowing hack into the same riser from the lower opening in 
the rwliufor. No iiir-valvcs are neccssarj^ all air passing up 
the risers mid out thnnigh the vent, un the expansion tank. The 
overliejul umiiLs arc coiuiivfinl with a riLiiiig main large enough to 
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supply all the surface; these mains may be run ar i 
near the walls, as in the one-pipe steam circuit s; i 
carried down the middle of the building, with long b i 
to the risers near the walls, it being assumed that th 
located near the exposed parts of the building. 

The mains and branches should pitch down : 
permitting the air to escape freely to the expansion ii : 

Special care should be used in hot-water hea 
easy flow. The ends of the pipes should be ream « 



yenf Throu^f99Qf\ 




Down / i 



Fig. 105. Showing the Mains and Branches Pitched Down Toi i 



fittings used for first-class work, although, if the pipi 
proportioned, standard fittings will answer. A hot-i 
ter should always be placed on the boiler or near it, i 

Radiator Connections. For direct radiators, thi 
commonly 1-inch for sizes up to 40 square feet; 1 J-int 
square feet; IJ-inch to 2^inch for sizes larger than 72 1 
floors above the first, the connections may be made sii 
izontal runs are short, the sizes to conform to table. 

Expansion-Tanic Connections. About the simpler 
expansion-tank connections is shown in Fig. 106. Th 
IS commonly connected with a return line in the baser 
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less likelihood of the water boiling over in case of a hot fire with this 
arrangement than when the expansion pipe is merely an extension of a 
supply riser. There must be no valve on this pipe, as its closure 
would almost certainly result in a bursting of some part of the system. 
Great pains must be taken to guard against the freezing of the 

expansion pipe. If there is any danger what- 
ever, a circulating pipe should be added, as 
shown, this pipe being connected with one 
of the flow-pipes or supply risers, to insure a 
continuous circulation. 

Open-Tank versus Pressure System. The 
open-tank system, although having its disad- 
vantages, is generally to be preferred to the 
pressure or closed-tank system. With the 
open-tank system, the water cannot get much 
above 212° at theheate:i. without boiling in 
the expansion tank and blowing part of 
the water out of the system, causing, mean- 
while, objectionable noises in the system. Oii 
the other hand, the open expansion tank into 
wliich the water can freely axpand when heated 
is the best possible safety device to prevent 
overpressure. 

AVith the closed-tank system, a safety- 
valve is used. If it operates properly, well 
and good; otherwise an element of danger is 
introduced, and, in case an excessive pressure 
is developed, the heater becomes far more dan- 
gerous than a steam boiler, owing to the much 
greater voli me of water in the system. 
W^ith this system, two safety-valves with non-corrosive seats 
should be* used, unless some well-tested device of demonstrated merit 
designed especially for this purpose is adopted. 

The advantage of the closed-tank system is that smaller radiatprs 
may be used, since they can be heated as hot with water under pressure 
as they would be if heated with steam. 

When full street pressure is aj)plie(l to a system, and no e-K- 
pansion tank is used., the radiators are subjected to an unnecessary 




Fig. 106. Expansion 
Tank Connections. 
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strain; and in case of rupture in any part of the system, much greater 
damage results than would be the case with an open-tank system. 

Syst^n of Forced Circulation. In extensive systems the water 
is kept in circulation by pumps^ which are capable of producing a 
much higher velocity in the pipes than could be secured by gravity. 
This system is used principally in connection with power plants, the 
water being heated in tubular heaters, by means of the exhaust steam 
from the engines. Much smaller supply mains may be used in this 
system than with steam heating, because of the greater capacity of 
water for carrying heat. On the other hand steam returns are 
smaller. 

Table X gives the capacities of expansion tanks : 

TABLE X 
Radiation Capacities of Expansion Tanlcs 

DiKECrr RADIATINa SlTRFAC:* 

TO WHICH Tank is adapt]u> 

200 SCI. ft. 

450 " " 

700 " " 

1000 " " 

1400 *' " 

1900 " " 

2400 '* " 

2900 " " 

CO.'VIPUTINQ RADIATION 

Computing Direct Radiation. The process of computing hot- 
water radiating surface is precisely the same as that explained for ascer- 
taining the amount of steam radiation recjuired for a given case, with 
this important exception: the hot-water radiators give ofT only about 
f as much heat per square foot as is emitted by a steam radiator; 
hence calculations must be based on an allowance of 150 heat units per 
square foot of direct radiating surface per hour, instead of 250 heat 
units used in connection with steam-heating work. 

It has been stated that direct-indirect hot-water radiators are 
rarely used. In case, however, it is desired to compute the amount 
of this cla.ss of radiation for a given service, proceed lus explained for 
steam heating, but allow only I as much heat emitted per scjuarc foot 
as that given off by steam radiatr^s. 

Cominiting Indirect Radiation. With indirect hot-water radia- 
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tion in connection with the open^tank system, the radiators must be 
deeper than for steam heating, in order properly to heat the air. 

The greater depth retards the flow of air; and since the water is at 
a much lower temperature than steam, the heating capacity of indirect 
extended-surface hot-water radiators should be taken at not far from 
300 heat units per square foot per hour, as against 400 or more heat 
units for indirect steam radiation. 

To compute the amount of radiation required, proceed as ex- 
plained for indirect steam heating; that is, compute the amount of 
direct radiation as pointed out under the preceding heading, then add 
not less than 60 per cent to this amount, to ascertain the indirect radi- 
ating surface required. 

This method, though perhaps crude, has the advantages of being 
simple and of affording a check on the work, since one soon knows 
by experience about what the ratio should be to heat a room of given 
size by direct radiation. For example, take a room with 3000 cubic 
feet, to heat which the ratio for direct radiation should be, say, 1 square 
foot to 30 cubic feet, giving a 100-square foot radiator. Adding 60 
per cent for indirect radiation, gives 160 square feet, or a ratio of 1 
square foot to a little less than 20 cubic feet of space. 

Indirect hot-water radiators with extended pins or ribs will, with 
the open-tank system, give off not far from 250 to 300 heat units per 
hour per square foot of extended surface. 

DUCTS AND. FLUES 

Areas of Ducts and Flues. When indirec*t radiation is installed 
primarily for heating, ventilation being a secondary consideration, 
it is desirable to make the flues somewhat smaller in proportion to the 
heating surface than is done with steam heating. If the flues are made 
too large, the flow through the radiators will be too rapid, and the air 
will not get hot enough. It costs far more in fuel to heat with a large 
volume of moderately warmed air than with a smaller volume of hotter 
air. 

Duct and flue proportions for hot-water heating should be approx- 
imately as follows: — Cold-air ducts, J to 1 sq. in. per sq. ft. of in- 
direct radiating surface; first-floor flues, 1} to IJ sq. in. pr sq. ft.; 
second-floor flues, 1 to 1 \ sq. in. per sq. ft. ; third-floor flues un<l above, 
J to 1 srj. in. per sq. ft. of surface. 
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Tlie harks and sides of flties in expose* 1 walls should l>e covered 
with non-conducting material. 

Flue Velocities* The flue velocities will be somewhat lower than 
with steam heating, because of the lower temperature of the air. 
Reasonable allowance would be 260, 360, 400, and 450 feet per minute 
for the first, second, third, and fourth floors respectively. 

Heating Water. The size of heater or steam coil necessary to 
heat water may be very readily determined on the heat-unit basis, if 
one knows the volume of water to be heated, the number of degrees 
its temperature is to be raised, and the time during which the heating 
must be done. 

For example, what size of heater would be required to heat 300 
gallons of water in 6 hours from 60° to 160°? 

In one hour 50 gals, would be heated 100° F.j and since one gal. 
weighs 8 J lbs., 50 X 8J X 100 =• 41,667 heat units would be required. 

Small heaters may l)e counted on to transmit to the water about 
7000 heat units per pound of coal burned. The rate of combustion 
should be assumed to be from 3 to 6 pounds per square foot (rf grate 
per hour, according to the amount of attendance it is convenient to 
give. 

With a 4-pound rate, 28,000 heat units would be furnished per 
square foot of grate surface per hour for heating the water. Therefore 
the heat units per hour necessary to raise the temperature of the water — 
viz., 41,667— divided by 28,000, gives the number of square feet of 
grate surface required, which is equal to about 1^ corresponding to a 
diameter of 16^ inches. 

To determine the size of steam boiler and coil required to heat a 
large volume of water in a tank, proceed as follows: Take, for ex- 
ample, a 24,000-gallon tank, the water in which is to be heated from 
45° to 75° in 10 hours. Now 24,000 gals. X 8J pounds X 30° rise in 
temperature = 6,000,000 heat units, or 600,000 heat units per hour. 

Assuming 8000 heat units to be utilized per pound of coal burned 
at, say, a 7^pound rate, one square foot of grate will supply 60,000 heat 
units per hour; hence, 10 square feet of grate surface will be recjuired. 

There will, however, be a certain loss of heat from the tank by 
radiation, conduction, and evaporation; therefore, not less thism, say, 
12 square feet should be used in order to provide a reasonable margin. 

As to the size of steam coil required, a square foot of pipe surface 
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surrounded hy circulating water may \ye assume<l to transmit to the 
water not far from 100 heat units per degree difference in temperature 
between the steam and the water in contact with the pipe. 

Assume the steam temperature to be 230®, corresponding to a 
trifle more than 5 pounds gauge pressure. When the water in the tank 
is cold, the condensation of steam in the coil will be much more rapid 
than when the surrounding water becomes wanner. The average 
temperature of the water during the 10-hour period is 60°; but the 
water leaving the pipe and in contact with the upper half of its surface 
is at a considerably higher temperature than the main body of water 
in the tank; therefore, with natural circulation, it is well to make ample 
allowance for the effect of this skin of warm water surrounding the 
steam coils, and to assume that they will not give off more than § as 
much heat as that corresponding to the difference in temperature be- 
tween the steam and the water in the tank, based on 100 heat units per 
degree difference as stated above. 

In other words, allow^ only GGjJ — or, in round numl>ers, 70 — heat 
units per hour per degree difference in temperature between the steam 
and the water in the tank. 

If the difference in temperature is 230°— 70°- 160°, on the 
basis stated, one square foot of coil would give off 70 X 160 = 11,200 
heat units per square foot per hour; and since 600,000 heat units must 
be supplied to the water, a 53-square foot coil or slightly larger would 
be required, equal to about 122 ft of IJ-inch pipe. 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Ci^il Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 
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1. Whj- are center punch marks placed one inch apart on a 
test piece ? 

2. Describe the double butt treble riveted ;oint and state 
its approximate efficiency. 

3. A Purves furnace 13 7 feet 6 inches long, 38 inches in 
diameter and the pressure is 170 pounds per square inch ; what 
sliould be the thickness of the plate ? Ans. .46 inch. 

4. What is the difference between ordinary and stay tubes ? 

5. What constitutes the heating surface of ^ cylindrical 
marine boiler ? 

6. What should be the area of the spring safety valve for 
% cylindrical boiler having 60 square feet of grate area ? 

English Board of Trade Rules. 

7. Why are the ends of some marine boilera curved at the 
top? 

8. Describe briefly the Foster Automatic Stop Valve. 

9. Why is a large quantity of salt in the boiler undesirable? 

10. Describe the process of building the fire? 

11. Why are stud bolts or patch bolts used for repaim 
I instead of rivets ? 

r 12. The U. S. S. " Massachusetts " is running with steam 

up ill all the main boilers. If the rate of combustion is 22 pounds 
of coal per square foot of grate, how many long tons of coal are 

I consumed per day of 24 hours ? Ans. 130 tons (al)out). 

13. Give the advantages of corrugated furnaces. Name 
the most common forms. 
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1. How could a vertical marine engine l)e run if the go 
ihead eccentric l)reaks? 

2. Sketch the arrangement of the cylindere of a three- 
cylinder compound engine and show where the steam enters and 
leaves the cylinders. 

3. Referring to Fig. 41, how many tons of coal must be 
burned per day to attain a speed of 16 knots ? 

4. Define the pitch of a screw propeller. 

5. Explain with sketch a method of marking off nuts. 

6. Why are leads taken ? 

7. Give the advantages of a centrifugal pump. 

8. A ship is steaming at a speed of 13 knots per hour, 
ihe screw has a pitch of 17| feet. What is the apparent slip in 
per cent, if the engines are working 84 revolutions per minute? 

9. Sketch some method for securing the liner of a cylinder 
in place, showing how it is made steam tight at both ends. 

10. What is the displacement in tons if the volume of the 
ship under the water line is 26,250 cubic feet? 

11. Describe the cylinder relief valve. Vhere are they 
placed ? 

12. If a propeller shaft is 14 inches in diameter and there 
are 7 collars what should l)e the diameter of the collars if the total 
thrust is 48,000 pounds? Ans. 18^ inches. 

13. How is a thrust block constructed so that the collars 
may be sepamtely adjusted ? 
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PART I. 



1. What advantage does indirect steam heating have over 
direct heating? What advantages over furnace heating? 

2. What are the causes of heat loss from a building? 

3. W^hy is hot water especially adapted to the warming of 
dwellings? 

4. What proportion of carbonic acid gas is found in outdoor air 
under orrlinary conditions? 

5. A room in the N. E. corner of a building of fairly good con- 
struction is 18 feet square and 10 feet high ; there are 5 single windows, 
each 3 by 10 feet in size. The walls are of brick 1 2 inches in thickness. 
With an inside temperature of 70 degrees, what will be the heat loss 
per hour in zero weather? 

6. State four important points to be note<l in the care of a fur- 
nace. 

7. A grammar school building, constructed! in the most thor- 
ough manner, has 4 rooms, one in each corner, each being 30 ft. by 
30 ft. and 14 ft. high, and seating 50 pupils. The walls are of wooden 
construction, and the windows make up J of the total exposed surface. 
The basement and attic are warm. How many pounds of coal will be 
required per hour for both heating and ventilation in zero weather, if 
8,000 B. T. U. are utilized from each pound of coal? 

8. What two distinct types of furnaces are used? Wliat are 
the distinguishing features? 

9. What is meant by the efficiency of a furnace? What effi- 
ciencies are obtained in ordinary practice? 



381 



HEATINC; AND VENTir.ATlON 



10. What are the principal parts of a furnace? State briefly 
the use of each. 

11. A brick house of the best construction, 20 ft. by 40 ft., has 
3 stories, each 10 feet high. The walls are 12 inches in thickness; 
and J the total exposed wall is taken up by windows, w hich are double. 
The basement is warm, but the attic is cold. The house is to be 
warmed to 70 degrees when it is ten degrees below zero outside. How 
many square feet of grate surface will be required, assuming usual 
efficiencies of coal and furnace? 

12. A high school is to be provided with tubular boilers. What 
H. P. will be required for warming and ventilation in zero weather if 
there are 600 occupants, and the heat loss througli walls and windows 
is 1,500,000 B. T. U. per hour? 

13. Wliat are the three essential parts of any heating system? 

14. Is direct-steam heating adapted to the warming of school- 
houses and hospitals? (Jive the reason for your answer. 

15. The heat loss from a dwelling-house is 280,000 B. T. U. per 
hour. It is to be heated with direct steam by a type of sectional boiler 
in which the ratio of heating surface to grate surface is 28. WTiat will 
be the most efficient rate of combustion, and how many square feet of 
grate surface will be recjuired? 

16. What is the use of a blow-off tank? Show bv a sketch how 
the connections are made. 

17. How are the sizes of single-pipe risers computed? 

18. W'hat weight of steam will be discharged per hour through 
a 6-inch pipe 300 feet long, with an initial pressure of 10 pounds, and a 
drop of } pound in its entire length ? 

19. What is an air-valve? Upon what principles does it work? 

20. W^hat size of steam pipe will be required to discharge 2,400 
pounds of steam per hour a distance of 900 feet, with an initial pres- 
sure of 60 pounds, and a drop in pressure of 5 pounds? 

21. What objection is there to a single-pipe riser system? How 
is this sometimes overcome in large buildings? 

22. W^hat patterns of valves should be used for radiators? 
What conditions of construction must be observed in making the con- 
nections betweeii the radiator and riser? 
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1. IIow would you obtain the sizes of the cold-air and warm- 
air pipes connecting wath indirect heaters in dwelling-house work? 

2. What is an aspirating coil, and what is its use? 

3. What efficiencies mav l)c allowed for indirect heaters in 
schoolhouse work? How would you compute the size of an indirect 
heater for a room in a dwelling-house? 

4. How is the size of a direct-indirect radiator computed? 

5. A schoolroom on the third floor is to be supplied with 2,4(X) 
cubic feet of air per minute. What should be the area of the warm- 
air supply flue? 

6. What is the chief objection to a mixing damper, and how 
may this be overcome? 

7. How many square feet of indirect radiation .will be recjuired 
to w^arm and ventilate a schoolroom when it is 10 degrees below zero, 
if the heat loss through walls and windows is 42,000 B. T. U., and the 
air-supply 120,000 cubic feet per hour? 

8. What is the difference in construction oetween a steam 
radiator and one designed for hot water? Can the steam radiator 
be used for hot water? State reasons for answer. 

9. How may the piping in a hot-water system be arranges 1 so 
that no air-valves will be required on the radiators? 

10. What efficiency is commonly obtained from a direct hot- 
water radiator? How is this computed? 

11. How should the pipes be graded in making the coimections 
with indirect hot-water heaters? Where should the air-valve be 
placed? 
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12. Describe briefly one form of grease extractor. 

13. What is the office of a pressure-reducing valve in an exhaust- 
steam heating system? 

14. Upon what principle does a pump governor operate? 

15. What type of pipe fittings should always be used in hot- 
water work? 

16. How is the water of condensation returned to the boilers 
in exhaust steam heating? 

17. How many cubic feet of air per hour will be discharged 
through a flue 2 feet by 3 feet, and 60 feet high, if the air in the flue 
has a temperature of 80 degrees and the outside air 60 degrees? 

18. In a hot-water heating system, what causes the water to flow 
through the pipes and radiators? How does the height of the radiator 
above the boiler affect the flow? 

19. What precaution should always be taken before starting 
a fire under a steam boiler? 

20. WTiat is the frt*e opening in s(iuare feet through a register 24 
inches by 48 inches? 

21. Why are return pumps or return traps necessary in exhaust- 
steam heating plants? 

22. What efficieiKy may l)c obtained from indirei^t hot-water 
radiators under usual conditions? What is the common methcMl of 
computing indirect hot-water surface for dwelling-house work? 

23. State briefly how a return trap operates. 

24. What is the use of an expansion tank, and what should be 
its capacity? 

25. DescrilK' the action of one form of damper regulator. 

20. What is the principal difference between a hot-water heater 
and a steam boiler? What type of heater is best adapteil to the 
warming of dwelling-houses? 

27. Upon what four conditions does the size of a pipe to supply 
any given radiator depend? 

28. What is the use of an exhaust head? 

29. A hospital ward requires 60,000 cubic feet of air per hour 
for ventilation, and the heat loss through walls and windows is 140,000 
B. T. U. per hour. How many square feet of indirect steam radiation 
will be required in zero weather? 

30. For what purpose is a back-pressure valve used? 
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1. What points should be borne iu mind when selecting a 
heating boiler for a given service? 

2. Explain by an example how to check the catalogue rating 
of a boiler. 

3. Point out the difference between (a) direct, (b) direct- 
indirect, and (c) indirect radiation. 

4. State the advantages of each type. 

5. What advantages do overhead coils possess over other 
classes of direct radiation ? 

(5. (a) With overhead coil heating, how should the coils be 
placed with reference to walls an^I floor to secure the best results ? 
(b) Why? 

7. In what two ways is heat given off by a radiator ? 

8. What advantages has a wet return system over one with 
dry returns? 

9. . (a) In what classes of buildings, as a rule, may the over- 
bead feed system be used and why? (b) What advantages are 
possessed over the up- feed system ? 

10. When should a two-pi|)e system be used in preference 
to a one-pipe? 

11. Explain the action oF a siphon trap in balancing a low 
pressure steairi heating system. 

12. When is it advisable to establish an artificial water line? 

13. Explain in detail how to compute the radiating surface 
for low pressure steam in a corner room 18 ft. square, 10 ft. high, 
the exj)08ed wall to be IG in. thick, exj)osed towai*d the north and 
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west, and having glass surface equal to one-fourth the total exposed 
surface of wall and glass combined. 

14. Describe the action of aspirating heaters. To be most 
effective in causing a rapid flow of air in a flue, at what point 
should they be placed ? 

15. State some advantages to be secured by exhaust steam 
heating. 

16. What appliances are necessary in connection with exhaust 
steam heating that are not used with ordinary low pressure heating? 

17. (a) What are the main features in the so-called Vapor 
System? (b) What advantages are claimed over ordinary steam 
heating systems? 

18. What is the purpose of the "mercury-seal" in that type 
of heating system ? 

19. State the purpose and explain the action of steam traps. 

20. What is meant by "absolute pressure" of steam ? 

21. If a pipe is 80 ft. long when filled with steam at 10.3 
pounds pressure, what will be its length when filled with steam at 
100.3 pounds? Show method of computation. 

22. Describe (with sketches) several methods for taking up 
expansion. 

23. What is meant by the term "O. D." pipe ? 

24. What is the minimum thickness of "O. D." pipe to 
permit threading ? • 

25. (a) With low pressure piping, up to what size is it 
advisable to use screwed fittings? (b) What advantages are there 
in using flanged fittings for the larger sizes ? 

26. Describe two types of air valves. 

27. (a) Mention two kinds of dies. 

(b) What points must be attended to in order to secure 
the best results in using them ? 

28. What advantages have pipe tongs over wrenches? 

29. What advantages are possessed by the overhead feed 
system of hot water heating over the up-feed system? 

30. What precautions is it necessary to take with regard to 
expansion tank connections and why ? 

31. State some advantages claimed for (a) open tank (b) 
closed tank hot- water heating systems. 
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Feed valves 
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53. 197 


fl repot 


19.", 


grates 


191 


heating capacity of 


198 


location of 


199 


return duct 


201 


snmke-pipes 
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